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PREFACE. 



Among the conclusions aiTived at, as a result of thfl general 
inquiry referred to in the introductory chapter, it was not 
to be wondered that many were entirely novel, and, this 
being so, a very close criticism of them was to be expected, 
and, indeed to be hoped for. In the preface to the work, 
entitled The Mdcoritic Hypothesis, in which I gave a general 
account of the conclusions, I wrote ; — 

" It is not in the nature of things that n ki'ge mata of detailed work 
saA inquiry, which it has taken luy assistants and myself three years tn 
get together, shall be fuuDd free from error, especially since ohaeiTatioiis 
made by many men in m^iy lands, frequently under conditions of great 
difficulty, form part of the boaia of the discussion. Nor, again, is it likely, 
or even deairable, that the general hypothesis, it it be found of any ralue 
at all, shall not be iniprored when freah. minds are brought to bear 
upon it, 

" When the time arrives I shall profit more than any one else by auy 
valid objections that may be raised, and I shall be careful to reply to or 
accept them," 

In the year 1894 my turn came round, as Professor in the 
Eoyal College of Science, to give one of the courses of " Lec- 
tures to Working Men " at the School of Mines, and it struck 
me that I could not do better than give a general account of the 
bearing of the new conclusions upon solar studies, for, in fact_ 
the whole inquiry had been originated by the desire to obtain 
definite evidence aa to the relation of the sun to the more dis- 
tant stars. And I was the more induced to do this l 
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would afford me a convenient opportunity of bringing together 
all the new knowledge which tlie four years since the publica- 
tion of 77if Meleoritic Hyjtolhesis had brought, and of dis- 
cusi'Jng whether this, together with the remarks and criticisms 
which had accompanied it, had strengthened or weakened the 
views I bad put forward. 

The lectui*e3 had for a title, "The Sun's place in Nature," 
and the present work is to some extent based upon the short- 
hand notes of them. 

I have endeavoured to give in this hook, as clearly and as 
judicially as I can, a statement of the discussions which have 
been going on since The Mdeoritic ffypothefis was published ; to 
show what holes have been picked in the new views, and what 
new truths may be gathered from the new work which has now 
been brought to bear upon the old ; so that, as a result, the 
place I have given to the sun among its fellow stars may be 
justified or withdrawn. 

To the subject matter of the lectures many additions have 
been made in the light of more recent work. The running 
to earth of the cause of the D^ line— which, in I8G8, I attri- 
buted to a gas associated with liydrogen, and named helium — 
has an important bearing on many of the points discussed ; 
hence special chapters have been devoted to it 

The outburst of a new star in the constellation of Auriga in 
1895 I at once accepted as a test of the validity of the new 
hypothesis, and I have therefore referred at length to the 
ciuBstion of new stars generally and to the conclusions which 
have been drawn from the study of the last one by modem 
methods. 

Finally, I give a general account of several researches I have 
qidte recently communicated to the Royal Society dealing 
especially with stellar classification. 

I have been careful, I trust, to reply to the objections which 
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have been made to my views, and also to show the bearing of 
the new work upon them. In my attempt to do this thoroughly 
I have had to treat on various problems of celestial chemistry 
which are now rapidly being opened up. 

I have to acknowledge my deep obligations to the staffs both 
of the Solar Physics Observatory and of the Astrophysical 
Department of the Eoyal College of Science, chief among them 
Messrs. Fowler, Baxandall, and Shackleton, for the skill and 
patience with which they have assisted me in the various 
branches of the inquiries sununarised in this volume, which 
have occupied us now for ten years. 

NOEMAN LOCKYER 

Solar Physics Observatory, 
South Kensington. 
July, 1897. 
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SUN'S PLACE IN NATURE. 



CHAPTER L— IXTRODUCTORY. 

Is the year 1S87 I brought out a book eniitled The 
Chemistry of the Sun, the subject matter of which had grown 
out of work upon which I had then been engaged for twenty- 
.yne years, the latter part of it having been done in connection 
with a Government Committee — the Molar Physics Committee. 
The object of the work was to endeavour to obtain some light 
upon the nature of the sun, among other things with a view 
of determining whether a complete investigation of the quantity 
and the quality of the solar radiation might, sooner or later, not 
only provide ns with new knowledge, but with some help for 
humanity in the way of long period weather prediction. 

It is no part of iny present intention to dwell at any length 
on the older inquiries made in tins connection, but I must refer 
to two points on which the work to which I have referred 
certainly threw very great interest, if not light. 

The radiant energy of the sun, measured in a mechanical way, 
is, according to Lord Kelvin, equal to 7S,000 horse-power per 
square metre, a square metre being a little more than a square 
yard. That means, therefore, that from every space on the 
snn's BUi'face, a little bigger than a square yard, enough energy 
is produced to drive three or four of our biggest iron-clads. 

ik later value, found by Langley, gives 135,000 instead of 
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78,000 horse-power per sq^iiare metre. What, then, ia the 
effective tempeiature of the sun's photosphei'e which ceiiiaes it. 
to give out all this energy ? Eecent investigations by Bosetti, 
Le Chateher, Wilson and Gray indicate that a value of 9000° C. 
is not very \vide of the mark. 

Now, one of the principal results obtained by spectroscopic 
work during the last thirty years is that spectra vary as the 
temperature varies ; and, working on these hnes, it was soon 
found that, on certain parts of the sun — which it is possible for 
us to study by modern means of observation — there was no 
temperature we could employ in our laboratories which exactly 
represented the heat apparently at work in these regions. Spec- 
trum analysis, therefore, at most temperatures we could com- 
mand in our laboratories, seemed to break down, because the 
whole soul of spectrum analysis, as applied to celestial investi- 
gation, means that we must match what we see shining in the 
UeaveuH by something that we can make shine in our labora- 
tories under equivalent temperature conditions. Nor was thi 
all The more the researches went on, the more the spectr 
scopie observations of sun spots and the like seemed to suggea 
that the meteoric origin of the sun, and of some part of t 
suu's radiant energy, suggested many years ago, was a true one'^ 
it certainly appeared to explain a great many solar phe 
which have not been explained in any other way. 

On this point I wrote in 1886 ; — 

" We kuow tliat Bmall meteorites ill our own cold a.tmo8j>liere ai'i 
to incandesceui^ by frictiou, that ia, by the coaversioa of theii 
energy into Jieat, and it ia therefore not difficult to imagine that e 
maases, falling with great velocitiea through the sun's highly heate 
atmoBphere, would be competent to give rise to auch diaturbancea as tJ 
with which we are familiar on the sun's surface. This cool material i 
produced by the condensation, in the tipper cool regions of the st 
sphere, of the hot ajseending vapours produced at the lower levels, a 
tliia is probably the main source of supply of spot-producing material." ' 

' Encyctopadia Sri/annica, vol. xiii, art. " 8ud." 
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It seemed, indeed, as if many plieiiomena on tlie nearest star 
to us, our own snn, might be really phenomena produced by the 
fall of meteoric bodies upon that surface which vre see, and 
which we call the photosphere. It is now many years ago since 
Balfour Stewart and others threw out the idea that the pheno- 
mena couneeted with the formation of sun-spots were really 
prodnced by the fall of bodies upon the sun's surface. Other 
philosophers have preferred the idea that we have to do with 
eruptions from the iuteiior of the sun ; nothing can be more 
divergent than the opinions wliich have been brought forward 
as explanations of these appearances. 

We at once see that, if we assume that this meteoritic action 
may take place in the solar atmosphere, it need not necessarily 
be, and, in all probabihty, is iioi a, meteoritic action coming 
from without. 

Taking our own case ; we live in a damp climate, and some- 
times the air is dampest when there are no clouds. Clouds are 
condensations of the moisture in the air, and we know that itia 
not really a questiiDn of clouds only ; we may have snow, rain, 
or hail, and all these represent different condensations of the 
damp^or, as we call it, the aqueous — vapour which is ever 
present in our air. Apply that to the sun. "What is the air of 
the sun composed of ? Certainly one important constituent of 
it is the incandescent vapour of iron ; we are no longer dealing 
with a low temperature and the vapour of water, but with an 
atmosphere in the hotter parts of which iron is not solid or 
liquid, but in which the temperature is high enough to keep it 
in a state of gas, probably thousands of degrees higher than ia 
arrived at in the Bessemer process. 

We wiU assume, then, that that temperature and that con- 
dition of atmosphere prevails for 20,000 miles above the photo- 
sphere of the sun. As we get further from the sun, the atmo- 
sphere is, of course, getting cooler, and at some distance above 

: photosphere the temperature will certainly be so reduced 
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that the iron vapour may play the part of our aqueous vapour;! 
then it condenses and turns into iron anow and iron hail and..J 
iron rain, and so on, falling upon the photosphere as the t, 
falls on the earth. There is thus a possibility in the sun of I 
home-made meteoritic action. 

These conclusions raised a great many interesting questions..! 
We had the sun, to judge by the divergence in the spectral! 
phenomena, hotter tlian anytliing we could get at in our 1 
laboratories ; if we accepted the prevailing notion of the con- 
stitution of other celestial bodies, we found in the nebnlje bodies 1 
which, according to the then received notions, were themselves J 
so hot that the light which was radiated by them came from | 
hydrogen or something finer than hydrogen, associated with j 
nitrogen or something finer than nitrogen ; in other words, the j 
nebulie were stated to be masses of gas hotter than the aun. 

If then the sun, as representing the stars, is very hot and the 
uebulfe. are very hot, where were the cooler bodies in space ? 
It was therefore very important from tlie solar physics point of 
view that this question shonld be investigated, and to do this I 
thii first thing to be accomplished was to determine, if possible, 
the snn's place among the stars, and to learn more, if possible, j 
concerning the stars themselves. 

I determined to see how all the spectroscopic observations I 
which had been made up to 1886 bore out a suggestion which i 
had been made in 1871 by Professor Tait, before there was I 
very much spectroscopic evidence to go upon. The result v 
that my assistants and myself spent something like three years J 
in gathering together, we believed, every available observation ; J 
at all events, if not every available observation, there were j 
between thirty and forty thousand of them, and we found that I 
a very considerable number. I not oidy determined to collect ■ 
them, but also to discuss them, and make any experiments o^ 
observations wMch might be suggested by the discussion, 
order to effect this, the years 1887 — 1890 were spent i 
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bringing together and co-ordinating the observationa which 
had been made up to that time on the spectra of the various 
orders of cosmical bodies in connection witli laboratory worlc. 

The hypothesis to which I was led seemed to indicate the 
sun's place among the stars beyond all question, but, more 
important even than this, it suggested that meteoritic action 
was accountable for very much more than the production of 
many of the solar phenomena. 

What I found was that when we discussed all the observa- 
tions we could get together, and in relation to stars as well as 
nebulse and comets, a meteoritic origin of the various classes of 
heavenly bodies seemed to explain many things, and threw a 
perfectly new light upon the visible universe ; there were, 
moreover, several points raised of intense novelty and freshness, 
each of which could he discussed separately, cast aside if it 
were false, and held on to if it were true. 

The following were the most important conclusions which 1 
refer to in what I consider to be the order of their import- 
ance: — 

1. There is the closest possible connection between nebuJn? 
and stars. They represent two stages in an evolutionary 
series. 

2. The first or nebidous stage in the development of cosmical 
bodies is not a mass of hot gas, but a swarm of cold meteorites, 

3. Many bodies in space which look like stars are really 
centres of nebulre : that is, of meteoritic swarms. 

4. Stats with bright-line spectra must be associated with 
nebulas. 

5. Double awarms, in any stages of condensation, may give 
rise to the phenomena of variability. 

6. New stars aj'e produced by the clash of meteor swarms. 
They are closely related to nebulte and bright-Hne stars. 

7. Since on the meteoritic hypothesis some of the heavenly 
bodies must be increasing their temperature, while otlaTs are 
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decreising it, a new clarification of the heavenly bodies is 
deraanded, based on tlie varying states of condensation of the 

meteoritic swarms. 

The complete investigation gave as an answer to the question 
■which had suggested it, that the sun is one of those stars 
the temperatuie of which is rapidly decreasing, and that many 
of the changing phenomena of the sun are due to tho fall of 
meteoritic matter uiMjn the photosphere. 

There are few thini^s more remarkable in the recent history 
of astronomical work than the enonuous expansion of our 
knowledge on many of the above points within a very short 
period after the new views had been put forward. 

Almost all the observations discussed in my book entitled 
The Meieoritia HypoOwnii were made before the year 1888. 
That year really marJts an epoch in astronomical observations, 
and the results achieved since that time are remarkable for their 
number and importance, so much so that the new work to be 
now discussed equals, in many lines of the inquiry which now 
concerns us, the volume of all preceding observations. Indeed, 
it would be very difficult to over-estimate the enormotis advan- 
tages under which .such work is now carried on ; advantages in 
that now, when any question is put to any part of the heavens, 
we know that there are many good workers employed under the 
best possible conditions to get tlie particular information that 
we want recorded for the most part by photography. 

It is not wonderful, then, that with euch advantages in every 
branch of inquiry we find advances gigantic, marvellous, almost 
beyond bebef. 

Owing to this, it has been possible in subsequent discussions 
to replace most of the old observations (which by many I have 
been blamed for using, although they were the only ones 
available at the time), by others, in the securing of which all 
the resources of modern science and skilled investigation have 
been employed without stint. Not only is there much new 
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matter to discuss, but the area of fact has been enormously 
widened, and this is all important when the testing of new 
views is in question. 

Some of the most important points I propose, therefore, to 
discuss again in the liglit of the new work, but before I do so it 
will be well to dwell for a little on the recent appliances to 
which I have referred. It seems especially desirable to indicate 
the classes of instruments from which this new work has come 
— ^work which so overshadows the old that in only a few years 
the old observations will cease to be considered altogether when 
definite numerical statements have to be made. 
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When wc come to consider in dctuil the reason of the rece 
advance in observing powers, there can be no question t' 
the main it ia due to the lai^er dimenaions of the t 
brought to bear upon physical inquiries. 

I am sorry to say that with regard to the refractor the centt 
of gravity of the activity has left our country and has g 
West. We have to look to our American cousins for a j 
deal that we want to know in these matters, for the reason t 
uow they not only have the biggest refractors and most skilled 
observers, but also they have been wiser than we — they have 
occupied high points on the earth's surface, and thus got rid oi 
the atmospheric difficulties under which we suffer in England. 

I may here refer to one of the most perfect pieces of worls 
manship in the world, constructed to investigate the phenomeai 
of the heavens — the Lick Observatory, situated at an elevatiotn 
of 4,000 feet on Mount Hamilton. Mr. Lick, the founder-, '. 
made his name immortal by helping on the progress of mai 
kind. I wish some Englishman would immortaUse himself i 
the same way. The principal instrument of this great obsen 
tory is a refracting telescope having an object-glasa 3 feet u 
diameter, and a tube 56 feet in length. This ia practically tl 
most important telescope in the world at the present momeuti 
and to give an idea of the wonderfully broad way in which th( 
authorities have gone to work, I need only state the follow 
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fact. In an observatory it is Bonietinies difficult to get tlie 
observing chair at the right height or in the right position for 
observing a star or any celestial body with any comfort, The 
Americans get over this by simply raising the floor. By means 
of hydraulics the enormous floor, some 80 feet in diameter, is 
moved up and down with the chair. 

Mount Hamilton, in the Northern Hemisphere, was re-echoed 
in 1891 by the Harvard College Observatory, at a height of 
8,000 feet at Arequipa in the Southern Hemisphere, and not 
only so, but the 36-inch Lick telescope will soon be out-distanced 
by one of 40 inches aperture, also in the United States. 

The Yerkes Observatory, which is to shelter this enormous 
refractor, was founded in 1892 by Mr. Charles T. Yerkes, of 
Chicago. It is similar to the 36-inch Lick telescope, but is hea^'ier 
aud more rigid, and many improvements have been introduced. 
An important feature, long ago suggested by Grubb and others, 
but apparently employed for the first time in tliis telescope, is a 
system of electric motors, by means of which the various 
motions, etc., are effected. The object-glass, by Clark, has 
recently been tested by I'rofessor Kceler. The definition was 
found to be fully eq^ual to that of the Lick telescope, while the 
Kght gathering power is considerably greater. The attachments 
_gf the Yerkes telescope will include — 

^V 1. A position micrometer by Warner and Swasey. 

P^ 2. A solar apectrogi'aph for micrometiical and photographic 
investigations of the spectra of solar phenomena. 

3. A spectroheliograph for photographing the solar chromo- 
sphere, prominence, and faculie by inonoehromatic light. 

4. A stellar spectrograph for researclies on the spectra and 
motions cf stars, nebulse, comets, and planets. 

5. A pliotoheliograph of great focal length for photographing 
the direct solar image on a large scale. 

The dome is 90 feet in diameter, allowing ample space for 
the tube of the great telescope, which, with its attachments, is 
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about 75 feet long. The elevating floor of tlie observing roomV 
75 feet in tliaiueter, and will be movable through a range f 
^2 feet by meana of eleetric motora. 

The inatnmient is now approaching completion. The a 
panying figure will give nn i<li';i nf it.? ciinniMiis iliiiiensiona. 
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is of the Yerlios 40-incli refra. 



But, thanks to the skill anil generosity of I>r, Comnn 
England's position witli regafd to reflectors has been vastli 
improved. Some of my own later work I shall have to refer to 
has been done by a 30-iuch silver on glass minor which he waa 
bind enough to figure. Others, nf various sizes up to 5 feet. 
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-are to te found at Ealing (his own observatory), the Solar 
Pliysics Observatoiy aD Kensington, Greenwich, and Cam- 
bridge. 

So much then for the increased supply of the astronomer'a 
raw material — celestial li"ht. 



I have next to point out that tlie gradually lengthening 
exposures given to photographs of star-clusters and nebula? Jias 
enormously extended our knowledge. 

In this region of inquiry we have perhaps one of the most 
important instrumental advances, and the ijiiportaiice of it is 
not reduced by the fact that it was quite imdreanit of when 
photographic processes wei-e introduced. 'What we hoped to 
obtain were aeries of pennauent and unbiassed records, but it 
did not strike us that the photographic processes 'could furnish 
us with records of phenomena which the eye has never seen and 
ia never likely to see. Now that this benefit is known it ia 
■quite easy to explain it. No tyro using even tlie smallest camera 
but aoon learns that the pictures he wishes to take may be 
easily over- or under-exposed, according to the time of exposiu-e 
given. In the photographic process, tlierefore, he recognises 
that, unlike the case of the human eye, the longer an image ia 
allowed to impress itself on the photographic plate, the blighter 
it becomes ; in other words, very feeble luminous objects ex- 
posed for a considerable time will be recorded, and so on with 
increasingly long exposures, till at last a visible image is pro- 
duced of an object utterly invisible to the eye. This then, 
shortly stated, is the origin of much modem work. Up to the 
present time the exposures have been increased to such an 
■extent that thirty or foity liours is not out of the question. 
This means, of course, that the object, be it star or nebula, has 
to have a telescope pointed so perfectly to it that on as many 
successive nights as may be necessary, the images fall abso- 
lutely on the same part of tlie plate. It is obvious that this 
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requires a perfection of poiuting and adjiiatinent which \ 
undreamt of a few years ago. 

One of the moat important telescopes in the world a 
is Dr. Roberta' reflector, with which long exposure represen- 
tations of the heavenly bodies have been produced ; these I 
shall have to refer to at one time or another in relation to 
different branches of our subject. In this instrument (Fig. 2) a 
reflecting telescope of 20 inches aperture is combined with a 
refractor of 7 inches aperture. The refractor is used as a 
guiding telescope, and ensures that the images of the stars and 
nebulte fall on the same part of the photographic plate wliich 
is being exposed in the reflecting telescope throughout the whole 
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time of the exposure. Even with the best driving clocks, such 
a. guiding telescope cannot be dispensed with when the expo- 
sures are prolonged for the number of hours necessary in some 
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We next turn to the impi-oved metliods of obtainiuy the 
spectra of the various heavenly bodies. 

I have gone so fully into tho questions connected with 
spectriim analysis in a companion volume' that I need not 
enlarge upon it here, but by way of reminder I may in a few 



ion of this new instrument of 
n a very few years perfectly 



words show exactly the functio 

enormous power, which 

changed the aspect of astronomic science. 

One key to the hieroglyphics, the light story, which is liidden 
in every ray of light, is supplied to us by the rainbow. It 
teaches us that the white light, which nature bountifully supplies 
us with in sunlight, ib composed of rays of different kinds or of 
different colours ; and it is common knowledge that tbei'e is an 
almost perfect analogy between these coloured lights and sounds 
of different pitches. 

The blue of the rainbow may be likened to the higher notes 
of the key-board of a piano, aud the red of the rainbow, on the 
other band, may be likened to the longer sound waves, which 
produce the lower notes ; and as we are able in the language of 
music U) dehne each particular noCe, such as B flat and G 
sharp, and so on, so light-waves are defined by their colours or 
lengths. 

What nature accomplishes by a rain drop we can do with a 
prism. If we pass a ray of white light through a prism, we find 
that after the light has so passed through, it is changed into a 
beautiful hand, showing all the colours of the rainbaw. Such 
a prism is the fundamental part of the instrument called the 
spectroscope, and the most complicated spectroscope which we 
can imagine simply utilises the part whicli this piece of tri- 
angular glass plays in breaking up a beam of white light into 
its constituent parts from the red to the violet. Between these 
colours we get that string of orange, yellow, green, and blue 
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which we are familiar with in the rainbow. For sixpence any of 
113 may make for ourselves an instrument which will serve many 
of the purposes of demonstrating some of the more benutiM 
fields of knowledge which hni-e hecn opened np to us by its nae. 




Prom an optician we can get a tiny prism for sixpence ; gine 
atone end of a piece of wood about 12 x 1 x | inch, so that we 
can see througb it a coloured image of a needle stuck in at the 
otlier end of the piece of wood (Fig. b). This we must do by 
looking sideways through it. Allow the needle to be illu- 
minated by the flame of a spirit lamp into which salt is 
gradually allowed to fall. We see one image of the needle 
coloured in orange. 

If we next illuminate the needle by a candle or a gas flame, 
taking care tliat the direct light from the candle does not fall 
upon tlie face of the prism, we then get no longer an image 
of the needle but a complete band of colour from red to blua 
We have in fact an innumerable multitude of im^ea of the 
needle close together. 
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If we finally go into the smiliglit — taking care agniu to 
shield the i>fism, and allow a sunbeam to illuminate the needle, 
we get a spectntm of a ditl'erent kind, inasmuch as it is full of 
dark lines, that is, some of the coloured rays are lacking and 
hence an image of the neetlle is not forthcoming. The poaitioi^ 
of Bome of the chief dark lines lettered by Fraunhofer are 
shown in Fig, 11. 

By such experiments as these, certain spectroscopic axioms 
have been formulated; three of them are very important. 

First, when sobd or liquid or densely gaseous bodies are in- 
candescent, they give out continuous spectra. 

Second, when a solid or liquid body reduced to a state of gas, 
or any gas itself, is giving light, the spectrum consists of bright 
images of the slit, and these are different for different sub- 
stances. 

Third, when light from a solid or liquid or densely gaseous 
body passes through the gas at a lower temperature, the gaa 
absorbs those particular rays of light of which its own spectrum 
consists at that temperature. 

We generally talk of " line " spectra for the reason that a 
narrow slit is employed, the image of wliich is a line. In these 
" lines " seen in the spectra of the heavenly bodies we have so 
many celestial hieroglyphics which we have to translate into 
chemical language by comparing their positions with those we 
observe in the specti-a of terrestrial light sources. As for the 
determination of position we are enabled to do this with per- 
fect definiteness, by considering the wave-length of the par- 
ticular colour with which we have to deaL The wave-length is 
generally expressed by four figtu-es, giving the length iu ten 
milhontha of a millimetre. Having these wave-lengths we may 
define the quality of every kind of light which reaches tlie 
human eye, whether from a terrestrial light source, the sun or 
any other celestial body. 
I Sj making careful wave-lenglh comparisons between terres- 
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trial aud celestial spectra, we can determine, therefore, whether 

ill different parts of space we Iiave the same chemical substances, 
or substances perfectly and completely distinct ; we cau even go 
further, and say whether the substances are known or unknown 
to US here. 

For the most powerful spectroscopes employed in modem 
research we are as much indebted to our American cousins as 
we are in the case of the largest refractors. Spectra are now 
for the most part obtained by the use of reflection from diffrac- 
tion gratings. Euthei-fnrd was tlie first to silver a diffraction 
grating ruled on glass ; Rowland followed him by ruling at once 
on speculum metal, and then made a step further in advance by 
vising concave gmtings, thus doing away with the use of lenses. 
All, or nearly all, the best recent work I sliall have to appeal 
tu in the succeeding chajitcrs has been produced by means of 
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gratijigs, and one enormous advantage coanected with this 
method is that the resultant spectrum is one of wave-lengths 
which are, therefore, more easily and accurately determined 
directly this way than indirectly hy means of diaperaion hy 
prisms. 
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For obtaining tlie spectra of the stara and nebulse, 
method is to attach a spectroscope of the onlinavy kind at the 
eye-end of a telescope, whether refractor or retiuctor. And of 
course tlie more powerful and elaborate the instrument, the 
greater the accuracy in the determination of wave-length 
whicli is to be expected. 

As an instance of one of these attachments I give a drawing 
of the eye-end of the Lick telescope with a spectroscope 
attached, for the importance of spectroscopic work was not lost 
sight of in tlie equipment of the Observatory, and a very 
powerful spectroscope is nsed in conjunction with the great 
equatorial for observing or photograpliing the spectra of the 
various celestial bodies, 

The above, however, is not the only method of obtaining the 
spectra of stars, and indeed if photography be employed, the 
arrangement described in the next chapter does away with the 
employment of an ordinary spectroscope altogether. 
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Dehchiptios. 

Fraunliofer, at the beginning of the present centni^ found 
that to observe the spectra of stars the best thing to do was 
to put a prism outside the telescope, and to let the light enter 
the telescope and be brought to a focus after it had passed 
through the prism ; and it is a most unfortunate thing, that the 
neglect of the application of this principle has landed us pro- 
bably in a delay of fifteen or twenty years in gathering know- 
ledge on this subject. The whole credit of reviving this idea 
is due to Professor Pickering, of Harvard, who since its applica- 
tion has been able, witli the aid of the large funds that he has at 
liis disposal, and the magnificent Iielp which he has accumulated 
round him, to obtain practically the spectra of all the stars 
down to the fifth or 8i.\th magnitude in both hemispheres. 
In a few years' time we shall be able, thanks to his labours on 
the Draper Memorial, to work on the spectra of all the stars in 
botii hunoispheres, just as well as we can at present deal with 
their magnitudes and positions by the star charts. 

My own attempts in this direction have had a much more 
limited scope. I have dealt with some of the brighter stars 
chiefly with a view to determining the sun's place among 
them. 

The main instrument employed in this work has been a 
6-inch refracting telescope, with an object-glass made and 
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uptLuJ of pliotograpliing etellar eptjcti'a bj tlie 
objootivB priam. 



corrected for G (see Fig. 1 1) by the Brothers Henr)'. This was used 
iu conjunction with a prism of 7^° of dense glass hy Hilger. 
Tlie ohject-glass and prism are fixed at the end of a wooden 
tube, which is attached to the side of the 10-inch eqnatorial, at 
such an angle that the spectrum of a star falls on the middle 
of the photographic plate when its image is at the centre of the 
field of the larger instrument. Tiie camera is arranged to take 
plates of the ordinary commercial size, 4J x 3^ inches. The 
spectra obtained with this instrument are O^S inch long from 
F to K, An excellent photograph of the spectrum of a first 
magnitude star can be obtained with an exposure of five 
minutes. Afterwards a 6-inch prism, with a refracting angle 
of 45°, obtained from the Brothers Henry, was used with the 
Henry 6-inch object glass. The spectra obtained with the 
latter are two inches long from F to K, and the definition is 
exc[uiaite. In some photographs the calcium hne at H is very 
clearly separated from tlie line of hydi'ogen, which occupies 
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very nearly the same position, It in umieceaeary to swing the 
back of the camera in order to get a perfect focus fronj 
F to K. The deviation of the prism is so great that it would 
be very inconvenient to incline the tube which supports Jt at 
the proper angle to the larger telescope. When photographing 
the spectrum of a star, therefore, the star is firat brought to the 
centre of the field of the large telescope, and the proper devia- 
tion is then given by reading off on the declination circle. This 
method has been found to work quite satisfactorily. 

With this combination the exposure required for a first mag- 
nitude star is about twenty minutes. 

For the fainter stars, the 6-inch prism of 7J° has been adapted 
to a Dallmeyer rectilinear lens of C inches aperture and 
48 inches focal length. At times two prisms of 7^° have been 
xised on a 10-inch equatorial. The method of mounting the 
prisms is shown in Fig, 7. 



k 



The Clock Eate. 



Since the spectrum of a point of light aueli as a star is a line 
fine that the spectral lines would not be measurable, it is 
necessary to give it breadth. This is done by adjusting the 
prism 80 that the spectrum lies along a meridian of right 
ascension and altering the rate of the clock. 

It is worth while to dwell a little on this clock eiTor, and the 
way it is produced. 

The proper regulation of this clock error and consequent 
" trail " of the spectrum across the plate parallel to itself are 
essential to the succesa of photographs taken by the objective 
prism. T!ie spectrum of a bright star must obviously be made 
to trail more quickly than that of a fainter one, and a shorter 
exposure is sufficient. Since for the same clock error, and in 
the same time, a star near the pole will give a shorter trail 
,n one nearer the equator, declination miist also be taken into 




account. Keeping a constant clock error, eq^ual widths ofJ 
spectrum for stars of different declinations may be obtained hym 
lengthening the time of exposure for stars away from th&fl 
equator, but in that ease the stars near the pole would I 
over-exposed in relation to those neater the eiiuator. 

The exposure given to stars of equal magnitude shoul 
evidently be the same, no matter in what part of the sky thg 
may be situated, and the clock error should therefore. 
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The I^ht-ratio of stars being 2-5 12", where n expresses the 
difference in magnitude, the time of exposure must vary in the 
same proportion, and the clock eiTor in invei-se proportion. * 
Thus, where five minutes' exposure is sufiicient for a Urst- 
magnitude Btiir, thirty-one miuute3 ia required to obtain a fully- 
expoaed spectrum of a star of the third magnitude. Thia law, 
however, only applies to photographic magnitudes, and must be 
modified according to the type of spectrum or the colour of 
the star. 

The red starSj being much weaker in blue and violet raya 
than the yellow or white stars, require much longer exposui'ea 
than white stare of equal magnitude. To obtain a spectrum of 
^ Pegasi extending to the K line, for example, at least three 
times the exposure required by a white star of similar magni- 
tude must be given. 

I"or conveniently adjusting the exposures, tables have been 
constructed which show at a glance the position of the regu- 
lator for a star of given magnitude and declination. 

It is obvious that with an instrument of high dispersion, the 
number of stars it is possible to photograph is very limited, as 
the long exposures required for the fainter stars are imprac- 
ticable, and, even if possible, the definition of the lines would 
be destroyed by atmospheric tremors. 

Hence, it ia at present only possible to photograph the spectra 
of the faint stars on a very small scale. With an objective of 
8 inches aperture and 44 inches focal length, and a prism of 
13° refracting angle, Professor Pickering has photographed the 
spectra of stars down to the eighth magnitude. These spectra 
are about 1 centimetre long, and a millimetre broad, and though 
they do not show a very great amount of detail, they are suffi- 
cient to re\'eal the type of spectrum. 

ith an instrument capable of photographing faint stars, a 
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large number of spectra maybe taken at one exposure; b^| 
with the instruments of larger dispersion, tbis is not generallp 
the case, as there are few bright stars of nearly e<jiial raagnitun 
sufficiently close together, 



The Electkical Cunthol. 

Id consequence of tbe great accuracy required m the drivi^ 
of the telescope when long exposures are necussary, the 10-i 
equatorial has been fitted with a simple and inexpensive form i 
electrical control. This is a modification of that designed fi" 
Mr. liussell, of the Sydney Observatory.^ - The existing drivia 
gear has been altered so that tbe driving rod performs its Ten 
lution iu a second, and the motion is then communicattjd to C 
driving screw through a small worm wheel. Tbe driving rodS 
vertical and in two parts, tbe lower portion ending in a fac 
ratchet wheel, 3 inches in diameter, and with 200 teeth. Th^ 
upper part of the rod ends in an ami at light angles to itself 
and this arm carries a ratchet of suitable Rhapc, held down I 
an adjustable spring. An electro-magnet connected with 1 
controlling pendulum, is aiTanged so as to only permit tin 
ratchet to pass it once a second {see Fig. 8). If the clock 1 
driving too quickly, the ratchet is held until tbe stop la r 
by the pendulum. When held in this woy the ratchet is lifts 
out of the teetli, and the driving clock itself is not affected. 

In order that this form of control may be effective, it is e 
tia! that the clock should he going a little too quickly, ai 
control is only capable of retarding the driving-rod. 

The controlling pendulum is, of course, regulated to the rattl 
required for the particular star which is being photographed. 

In Mr. Eussell's form of control the two parts of the drivi 
rod are connected by friction plates. It was found, howev* 
on testing this arrangement, that when the upper portion wa4 

' Monthlg Notices, vol. li, p. 43. 
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held by the electro-tiiagnet, the rate of the governors wa-s 
seriously retarded; hence I intraduced a ratchet wheel, and its 
■king leaves nothing to he desired. 
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Many of the negatives taken have been enlarged about nine 
times on glass, and further copies have been taken on bromide 
paper, bringing the enlargement up to about twenty-five times 
the size of the original. 

Owing to various causes tiie photc^raphic spectra obtained 
by the method of trails show irregularities resembling the lines 
along the spectrum observed when the slit of a spectroscope is 
partly clogged with dust. It has been noticed that the period of 
the in-egularities is equal to the time of revolution of the main 
driving scraw of the telescope, and hence they may be accounted 
by supposing the driving gear to be mechanically imperfect. 
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In tbat case some of tlie parallel lines which by 
position form the broadened spectrum, are superposed, while' 
others are drawn apart, thus giving rise to <iarkand bright lines 
parallel to the length of the spectrum. These lines are more 
apparent in the case of bright stars than fainter ones. If the 
telescope were driven with perfect regularity and the atmosphere 
were quite steady, we should obtain a spectrum of uniform in- 
tensity along its widtli. This condition Ims very nearly 
obtained in some cases. 

The irregularities above described are eliminated in th( 
larged negatives by giving them a very slight up-and-down 
motion during exposure in a direction parallel to the lines of 
the spectrum. This was originally done by Land, but a nejjative 
holder has been constructed in which the necessary motion is 
given to the negative by a small driving clock. 

A diat,'mui of t\ii: arrnnqement is •■iveii below. The onli 
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Fio. 9, — Negative holder used in eniarging. 

drawback to tliis method is that defects of the film are apt t 
produce, by a succession of their images ou the enlarging plate 
lines (generally very faint) wlueh have a semblance of the truaj 
spectrum lines. 
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To distinguish the real lines from the artificial ouea, a direct 
enlargement of the Bpectrum is made on the same plate along- 
side the other, the to-and-fro motion being dispensed with. By 
a comparison of the two enlai^ed strips, one can see at a glance 
which are the true lines of the spectrum, and which are those 
produced by small irregularities on the film. It may be stated 
that Dr. Scheiner has also used a somewhat similar method to 
the one described, the only difference being that he caused the 
plate on which the enlargement was to be taken to have the 
oscillating motion, instead of the original negative. The 
method employed by me, though no account of it had been 
pubhshed, had been in use for some time before Dr. Scheiner's 
method was announced.' 

The definition of the negatives obtained by means of the 
objective prism is of such excellence that they may be almost 
indefinitely enlai^ed, and this gives them a special value when 
we come to investigate tlie auialler differences between stars 
which have more or less resemblance to each other. Practically 
we are able bo dispense with elaborate micrometric measure- 
ments, and by placing the enlargements alongside each other, 
to see at a glance which lines agree in position and which are 
different. 

So much, then, for the recent vast improvement in our 
methods and instruments of research. It is, I think, abun- 
dantly clear that by means of the new aids which have been 
placed at our disposal, the recent improved condition of 
our stock-in-trade, and the wonderful diligence and skill of 
observers, chiefly in America, who have taken up the new work, 
we are now in a very much better position than we have ever 
been before to investigate all questions dealing with the 
chemistry and physics of the stars. 
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The Line l>% 1868. 

Is tlie year 1863, spectrum analysis was first utilised : 
endeavouring to unravel the message which was conveyed 1 
us by a most interesting eclipse observed in India. Th^| 
diagrams will indicate the kind of record with whiclj we have 
to deal in studying these celestial hieroglyphics. We are in 
one part dealing with the long waves of light, the red ; we a 
in the other dealing with the shorter waves of light, the bln^ 
The work done in that echpse is indicated by the bright lines 
the hieraglyphics — which, when trau-shited as they have bee 
describe for us the chenucal nature of the particular stuff in i 
sun, which made him put on a blood-red appearance "on 1 
getting out of his eclipse." Taking the notes in the Iigli| 
ecale which are lettered in the ordinary spectrum of sunlighfl 
in order tliat they may be easily recogniseil and remembere 
we learn the particular qualities of the light cnutted by thw 
blood-red streak. 

We have one i|uality representeil by the line D, another s 
C, ajid another at F. According to the diagram, one 
lines is in the position of 1). One observer said it was " 
or near D." 

Soon after this eclipse was observed in India, a Diethod, long 
before formulated, of studying the blood-red streak snri-oundin 
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tLe sun without waiting for an eclipse was brought into 
operation. 

By this method it was q^uite easy to make observations 
whenever the aun was shining, perfectly free from any of the 
difficulties attending the hurry and the worry and tlio excite- 
ment of an echpse, which lasts only a few seeon{l'!. 
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Fia. 10, — Pogsoa's diagram oF the ap<»;tra of the Biui'a giuTouDiiuigg in tlie 
Eclipse of 1G6S. Tlis bnght linos seen aie hIiowq in tlie uppaF part 
of the diaeram i the chief lines in the aolar Bpcctrum, ctd to the left, 
blue to the right, are shown in the lower part. 




I. 11.— Summntian of the obBcrvations of the spectrum o[ tlie sun's 
xroundings in the Eclipse of 1868. (I) Solar spectrum showing the 
podtioD of the chief lioes. (3) Rajeb's observations of blight lines. 
(3) Herechcl's obaerrntiona of bright line?. (4) Tenwint'". 




THE SUN'K PLACE IN NATURE. 

Further, us the metboil consists of throwing an image of the 
sun, formed by a telescope, on to the slit of a spectroscope, so 
that the spectrum of the sun's edge and of the sun's surround- 
ings can he seen at the same time, exact coincidence or want of 
coincidence between the bright and dai'k lines can be at once 
determined. During an eclipse this of course ia not possible, a,s 
the ordinary spectrum of the sun, with its tell-tale dark lines, 
is invisible, because the sun, ivs we ordinarily see it, is hidden 
by the moon. 

Working, then, under such very favourable conditions, it was 
seen that there was certainly a red line given by this lower part 




:t coiccidence of tlic red line with t!ie darklint 



of the solar atmosphere coincident with the very important L 
in the solar spectrum which we eaU C. (Fig, 12.) 

Another part of the spectrum in the blue-green was examinet] 
and there again it was seen tliat the parts outside the sun gart 
us a bright line exactly in the position of the obvious dark li 
in the solar spectrum which is called F (Fig. 13) ; so that v 
regartl to those two important lines, there was no doubt whatevi 
that we were dealing with the substance which produces tbeA 
dark lines in the solar spectrum. 

Fig, 14 is a diagram of the yellow, or rather the orange, partd] 
the solar spectrum, showing two very important lines, wliich a 




Pie. 13.— The 



lidenoe of the bluo-Brecn line ivitli the dart line P. 



caEed the lines D, due to the metal sodium, the investigation of 
■which was just as important in solving the celestial hieroglyphica 
we call spectral lines as the Eopetta stone was important in 
settling the question of the Egyptian ones, 

Pogson, in referring to the eclipse of 1868, said that the 
grange line was " at T), or near D." We see from the diagram, 




[. 14, that the new method indicated that " near J) " was the 
true definition. The line in this position in the spectrum, 
unlike tlie oiiier two lines which I have indicated, has no con- 
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nectioL m all with auy of llie ilark lines in the ordinary solar 
spectrum. We were therefore perfectly justified in attaching 
considerable importance to this divergence in the behaviour of 
this line, taking the normal behaviour to be represented by 
the two ati^ony lines in the red and the blue-green. The new 
line wiis called D' to distinguish it from the sodium lines D' 
and D'. 

A considerable amount of work was done with regard to the 
orange line. It was found that there was no aubstnnce in our 
laboratories wliich could produce it for us, wla'i^eas in the ease 
of the line D we simply had to burn some sodium, or even 
common salt, in a tlame to produce it ; and the other lines in 
the red and the blue-green were easily made manifest by 
enclosing hydrogen in a vacuum tube and passing an electric 
cuiTeut thi-ough it, or observing the spectrum of a spark in a 
stream of coal-gtis. 

Now at the first blush it looked \'ery much as if this line was 
really due to the same element which produced the others at 
and F, end it was imagined that the reason we did not see it in 
our laboratories was because it was a line which required a 
very considerable thickness of hydrogen to render it -visible. 
That was the iirst idea, and Dr. P'rankland and myself found 
that there was very considerable justification for this view, 
because a simple calcidation showed that the tliickness of the 
solar atmosphere, which was producing that orange line under 
the conditions which enabled us to see it in our instruments by 
looking along the edge of the sun, was something like 200,000 
miles. 

Hence, in order to get a final decision on this point, there 
was nothing for it but to tackle the question from a perfectly 
different point of view, and the different point of view was this. 
The work had not gone on very long before one found minute 
alterations in the positions of these lines in the spectrum; the 
orange line, for instance, might sometimes be slightly on one 
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side, and aometinies on tlie other, of its normal position. 
Further work showed that in these so-called " changes of wave- 
length " we had a precious means of determining the rate of 
raoveinent of the ynses and vapours in the solar atmosphere. 

F^. 15 indicates how these changes of wave-lengths are 
shown in the spectroscope. The lines are contorted in both 
directions, and sometimes to a very considerable extent, indicat- 
ing wind movements on the sun, reaching, and sometimes 
exceeding, 100 miles a secovd. 




— Clungea of waye-lengtli of the F liydrjgen lino when a solar 
cjplono ia observed. A, the change towar,l< tlie blue indicuteB the 
adyancinp aide of cyclone. C, the cliange towards the red indicotSB 
the retreating side. B, tlie whole cyclone is included in the width of 
the slit, and botli changoa of wave-length arc viaiblo. 



e had here a means of determining whether the orange line 
was produced by the same gases wliich gave the red and blue 
lines, because if so, when we got any alteration in the position 
of the red and blue lines, which always worked together, we 
should get an equivalent alteration in the position of the orange 
one. 

I found that the orange line behaved quite differently from 
either the red or the blue lines ; so then we knew that we weie 
not deahng with liyrtrogen ; hence we had to do with an 
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element whicli we could not get in our Inboratories, and there- 
fore I took upon myself the responaibiUty of coining the word 
helium, in the first instance for laboratory use. At ttie time I 
gave the name I did not knfiw whether Uie Bubstance which 
gave UB the line D^ was a metal like calcium or a gas like 
hydrogen, but I did know that it behaved like hydrogen and 
that hydrogen, as Dumas had stated, behaved as a metal. 

This kind of work wei.t on for a considerable time, and what 
one found was, that very often in solar disturbances we certainly 
weie dealing with some of tlie lines of substances with which 
we are familiar on this earth ; but at the same time it was very 
remarkable that when the records came to be examined, as they 
ultimately were with infinite care and skill, it was found that 
not only did we get this line in the orange indicating' an 
unknown element associated with substances very well known, 
like magnesium, but that there were many other unknown lines 
as well. Within a few montlis of my first observations, several 
new lines about which nothing was known were thus observed. 

The Discovery of otheii Unknown Lines, 1869. 

The plaoe of the oraDge line D* I determined on ^10th Octobei* 
1868. Among many other lines behaving like it, two at wave- 
lengths 4923 and 5017 were discovered in June, 1869, and 
afterwards another at 6677, while Professor Young noted 
another in September, 1869, at 4471. He wrote: — 

" I desire t« call specia! attention to 2581'5 on Kirchhoff'a scale, 
the only one of my list, by the way, which is not given oil Mr. 
Lockj-er'a. Tliia line, whii;h was conspicuous at the Eclipse of 1869, seems 
to be always present in the spectrum of the cliromosphere. , . . It has 
no corresponding dark line in tlie ordinary solar spectrum, and not 
improhahly may be due to the same substance that produces IP." 

The wave-length of this line on Eowland's scale is 4472. 
This same line was noted also by Lorenznni, and named /. 
Another line at 4026 was added later by Professor Young. 





N 



Fig, 16. — Tacehini's observations of two alight eolar disturbanoes 
ahowing the height to which the lajers of the different gnsea 
eitend. Magnesium rapour ie highest of all, and is furthest 
eitended ; neit pomea a. gas of still unknown origin, indicated 
b; a line at 1474 of Kirchhoff's scale, and ao oo. 



Theu with regard to solar disturbances. Let me refer in 
detail to a diagram indicating some results arrived at by the 
Italian observerB (Fig. 16). We are dealing with the spectroscopic 
record of two slight disturbances in a particular part of the 
sun's atmosphere. The spectroscope tells us that in that region 
there was a quantity of the vapour of magnesium which ia 
collected in that place. Theu we find that another substance, 
about which we again know nothing whatever, is also visible in 
that r^ion, and then we get the further fact that in those par- 
ticular disturbances we get four other spectral lines indicated as 
heing disturbed, and of those four lines we only know about one. 

In that way it very soon became perfectly clear to those who 
were working at the sun, that in all these disturbances, or at aU 
events in most of them, we were dealing to a large extent with 
lines not seen in our laboratories when dealing with terrestrial 
this work went on till ultimately, thanks to the 
lurs of Professor Young in America, we had a considerable 
D 2 
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list of linee coming from known and unknown substances via 

had been observed under these conditions in solar disturbauces, 
and Professor Young was enabled to indicate the relative 
number of times these lines were visible. For instance, the 
lines which are most frequently seen under these conditiHns he 
tabulated as represented by the number 100, and of eooi-se the 
line which was least frequently seen would be represented l>y 
1 ; and therefore from these so-called " frequencies " we got a 
good idea of the number of times we might expect to see auy 
of these disturbance-lines when anything was going on in the 



It was this kind of work which made Tennyson write those 
very beautiful lines ; 



"Science rencliea forth her anna 
To feel from world to world." ' 



Dr. Hillebfand's Ee.skabcbk8 on UnAsiNiTE, 1888. 



1 



In this year Dr. Hillebrand, one of the of&ciale in the Geolo- 
gical Department at Washington, was engaged upon the chemical 
examination of specimens of the mineral uraninite from various 
localities. 

He dealt with crystals which he put in a vessel contaiuiitg 

' And then he added ; 

" and charms 
Her aecrel from the latent moon." 

I mention this because Tennypou, nthose mind was saturated with astronon 
had alrcadj graept'd the fact that what hod already been done was a 
matter compared with what the spectroscope c«uld do ; and now the prophec^ 
ia alreadj fulfilled, for by means of tlie spectroscopic elimination of the light 
from the atora we can teU that some of them are double stars, that ia to sev, in 
poetic language, stars with attendant moons. Although, we can thus charm the 
aecret from each moon by means of the spectroscope, to see the moou. it would 
require (in the case of ^ Aurigffi) a telescope not SO feet long, but with an 
objeot-glaas 80 feet in diameter, because the closer two stars are together tiie 
greater must he the diameter of the object-glass, independently of its focal- 
length and magnifying power. 
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some siilpliuric acid and water. He found that bubblea of gas 
were produced out of the crystal by means of the sulphuric 
acid. He collected this gas and came to the conclusion that it 
was nitrogen. 

This result was new. He thus wrote about it : — 

" In couBequence of a. certain observation " [the one I have just referred 
to] " and ilB results, an entirely new direction waa given to the work, and 
its scope wonderfully broadened. This was the discovery of a hitherto 
unsuspected element in uraninite, esiating in a fonn of combination, not 
before observed in the mineral world." 

It is not needful here to follow Dr. Hillehrand through all 
the painstaking and patient labour he cut out for himself to 
explain this anomalous behaviour. Needless to say he did not 
omit to employ the spectroscope to test the nature of the new 
gas. 

His observations were thus described: — ' 

" lu a tieissler tube under a pressure of 10 millimetres and leas, the 
gas afforded the fluted spectrum of pure nitrogen as brilliantly and as 
completely aa was done by a purchased nitrogen tube. In order that no 
possibility of error might exist, the tube was then reopened and repeat- 
edly filled with hydrogen, and evacuated till only the hydrogen lines were 
visible. When now filled with the gas and again evacuated, the nitrogen 
spectrum nppeored as brilliantly as before, with the three bright hydrogen 
lines added." 

On this paragraph I may remark that it has long been known 
that gases like nitrogen give us (xuite distinct spectra at different 
temperatures— one fluted, another containing lines. Which of 
these we shall see in a tube will depend upon the pressure of 
the gas, and the electric current used. The fluted spectrum of 
nitrogen is very bright and full of beautiful detail in the orange 
part of the spectrum ; the line apectram, on the other hand, is 
almost bare in that region. 

It is important to note that it so happened that the pressure 



' " On the OconrrencB of Nitrogen i 
Geol. Survey, 1889-fiO, p. B5. 
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and electric conditions employed by Dr. Hillebrand enabled hid 
generally to see the fluted spectrum. This, however, was i 
always the case. In an interesting letter to Profesaor BamsS 
he writes {Proc. Boj/. Soc, vol. Iviii, p. 81) : — 

" Botli Dr. HaUcuJc vid I observed numerous bright lines o 
two occaaions, mme of which apparently could be accounted for by knowi 
elements — as mercury, or eulpbur from eulphuric acid ; but there v 
others wbioli I could not identify with any mapped lines. The well- 
known variability in the spectm of some substances under varying con- 
ditions of current and degree of evacuation of the tube led me to ascribe 
similar causes for these anomalous appearances, and to reject the sugges- 
tion made by one of us in a doubtfully serious spirit, that a new element J 
might be in question." I 

Dr. Hillebrand concludes his paper as follows : — I 

" The interest in the matter ia not confined merely to a solution of the 
coDiposttion of this one mineral ; It is broader than that, and the qneetion 
arises ; May not nitrogen be a constituent of other apeciea in a, form 
hitherto unsuspected and unrecognisable by our ordinary chemical manip- 
ulations t And, if so, other problems are suggested which it is not now 
in order to discuss." 

I shall show in the sequel that if Dr. Hillebrand had gone a 
little further in his researches he would have discovered the 
line D* and other lines to which reference has already been 
made in the gases he had obtained from uraninite. 



D' AND OTHER UNKNOWN LiNKS IN NeBULjE, 1890. 

A negative of the nebula of Orion, taken at ray observatory 
at Westgate-on-Sea in 1890 contains fifty-six lines, and of 
course by determining, as we have been able to do approxi- 
mately, the wave-lengths — the positions of these lines in the 
spectrum — we can determine the exact light notes represented, 
and therefore the substances which produce them. In tliis 
spectrum of the nebula of the Orion were lines of unknown 
origin exactly coinciding with those unknown lines which I 
have already referred to as having been seen in the sun's atmo- 
sphere. Some of the unknown Hnes in that atmosphere, thiwe 
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that we have not been able to see in our lahoratoriea, are iden- 
tical in position with some of the unknown lines in the nehuhi 
of Orion. 

I may remark tliat as early as 1886 Dr. Copeland had dis- 
covered D' in the visible spectrum of the nebula, and in a letter 
to him I had suggested that another line he had record(;d at 
447 might be Lorenzoni'a /; this he thought to be probable. 
The matter was set for ever at rest by the photograph which 
established the presence of 4471 and 4026, already noted a-s 
.1 solar line as well 

Professor Campbell, of the Lick Observatory, obtained other 
photographs of the spectrum of the nebula some two or three 
years after mine was taken. In the following list of lines in 
my photograph an asterisk denotes that Campbell gives a line 
nearly in the same position. He recorded no line which did 
not appear on my photograph — 



3888* 

4011 

4028* 

4121* 

4143* 

4168 

4390* 

4472* 

4716* 

4924 

5875-8 = Ifl 



The same Unknows Lines occur in the Stars, 1892. 
About the year 1890 I began the photography of stellar 
spectra at Kensington, with special reference to their classifi- 
cation on the basis of the chemical constituents established 
by their spectra. By 1892 several important results had been 
obtained, while the progress of this branch of science lately 
has been so considerable that any statement regarding the 




40 



THE SUN'S PLACE IN NATURE. 



[CHAF. t^^l 

rtaiuty a^^| 
isaified t^^^| 



poBitions of lines, and, therefore, the chemical origins of tht 
may be made with a considerable amount of certainty 
depending upon very accurate work. 

The various claasea in wiiich the stars have been classified 
different observers, according to their spectra, are discussed 
elsewhere, but sonic of the more salient differences must be 
{winted out here ; thus we have stare with many lines in their 
spectra, otI)ers with comparatively few. I will take the many^ 
lined stars fii-st. M 

The diagram (Fig. 1 7) represents the spectrum of Arctiirus, » 
star the spectrum of which closely resembles that of the sun, 
lu « Cygni we have another star with many lines ; but here 
we note, when we leave the hydrogen on one side and deall 
with the other stronger lines, that there is little relatit 
between the solar spectrum and these lines. 

I next come to the stars with .few lines: these are w< 
represented by many of the chief stars in the constellation 
Orion. Bellatrix is given as an example (Fig. 18). 

Then I have next to state, tliat in the photographs of 
spectra of many stars, chiefly of those more or less like lii 
latrix, we found the same lines which we have, eo far, classifii 
as unknown, for the reason that in our laboratories we ha' 
not been able to get any lines which con'espond with them. 
again mention D°, 4471 and 4026, previously noted as appei 
ing both in the chromosphere and in the nebula of Orion. 

Butthe thing ismuch more interesting even than this; notoi 
these but all the chief unknown lines appearing in the nebi 
of Orion are also found in these stars. And this is so absoluteli 
tiTie that there is no necessity to give a list of the unknown 
lines seen in Bellatrix ; every one of them given in the nebula 
has found its place, and, so far, practically, no others. 

This, of courae, marked a great development of the inqi 
and made the question of the unknown lines more iraj 
than ever. 
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Photographic Eesults during a Solar EcLirsE, 1893. 

A method which was first employed by Ee^pighi and myaelf 
during the echpse of 1871, waa used on a large scale and 
with great effect during the eclipse of 1S93. The light pro- 
ceeding from the luminous ring round the dark moon was made 
to give us a series of rings, representing each bright hne seen 
by the ordinary method, on a photographic plate. Tlie observei s 
this time were stationed in West Africa and in Brazil. The 
African station was up one of the rivers, not very far away from 
the town of Bathurst. The Brazilian station was near Para 
Curu. The same instrument which was previously referred to 
as used for obtaining photographs of the stars was sent to the 
African station in order that photographs of the eclipse of the 
sun might be taken on exactly the same scalo as the photo- 
graphs of the stars had been, so that the stellar and solar records 
in tlie photographs might be compared. The results obt-ained 
by Messrs, Fowler and Shackleton, who were in charge of the 
instruments at the two stations, will be gathered from the 
accompanying diagrams, Figs. 19 and 20. 

We get more or leaa complete rings when we are dealing with 
an extended arc of the chromosphere, or lines of dots when any 
small part of it is being subjected to a disturbance whieii 
increases the temperature and, possibly, the immbcrs of the 
different vapours present. 

The ethciency of this method of work, with the dispersion 
employed, turns out to be simply marvellous, and, in securing 
such valuable and permanent records as these, we have done 
very much better than if we had contented ourselves with the 
style of observations that I have referred to as having been 
made in 1868 (see p. 29). 

As was expected, the comparison between solar and stellar 
records thus rendered possible, enabled a very great advance to 
be made. 
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On examining tliese eclipse records, we find that we have to 
do exactly witli those unknown lines which had already heen 
photographed in the stars and in the nebulffi. 

As was to be expected, we, of course, deal with the lines 
recorded in the first observations of the solar disturbances, and 
chronicled in that table of Professor Young's to which! have 
already called attention ; but the important thing is the mar- 
velloualy close connection between eclipse- and star-spectvnni 
photographs so far as the "unknown lines " are concerned. 

Nearly all the lines given in the table on p. 39 as visible in 
the nebula of Orion, and afterwards found in Bellatrix, are 
among the lines photographed during the eclipse. 
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CHAPTER v.— DISCOVERY OF A TERKESTEIAL| 
SOURCE OF HELIUM, 1895. 



The New MraEHAL Gases. 

The year 1894 was made memorable by the announcement 
of the discovery by Lord Enyleigh and Professor Ramsay of a 
new gas called argon, and it is known that the discoveiy was 
brought about chieriy, in tlie first instance, by the very accurate 
observations of Lord Rayleigh, who found that when he was 
determining tlie weight of nitrogen in a globe of a certain 
capacity, the weight depended upon the source from which he 
obtained the gas. 

From the nitrogen from atmospheric air he obtained one 
weight, and from that obtained by certain chemical processes 
he obtained another, and, ultimately, it was found that there 
was an unknown element which produced these results, these 
various changes in the weight, and, as a consequence, we had 
iu 1895 the discovery of argon. 

Early in 1895 it struck Mr. Jliers, of the British Museum, 
tliat it might be desirable to draw attention to the nitrogen 
which we have seen Pr. Hiilebi-and, in 188S, obtaining from his 
crystal of uraninite ; his observations, of course, were more in 
the mind of Mr, Miers than iu the minds of the pure chemists. 
Hfl, therefore, communicated with Professor Ramsay, who lost 
no time, because it was very iuteresting t« study every j 
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source of nitrogen and see what its tebavioiir was in regard to 
the quantity of argon associated with it, and in tlie relation 
generally of the gas to the argon which was produced from it. 

Professor Eamsay treated nraniiiits in exactly the same way 
that Ur. Hillebrand had done in 1888. The gas obtained as 
Dr. Hillebrand had obtained it was eventually submitted to a 
spectroscopic test, following Dr. Hillebrand's example. But 
here a noteworthy thing comes in. 

li w happened that the pressure and electrical conditions 
employed by I'rnfessor Ramsay were so different from those 
used by Dr. Hillebrand that, although nitrogen was undoubtedly 
present, the llutcd spectrum which, as I have previously stated. 
Hoods the orange part of the spectrum with luminous details, 
was absent. But atill there was something there. 

Judge of Professor Eamsay'a surprise when he found that he 
got a bright orange line ; that was the chief thing, and not the 
strong suggestion of the spectrum of nitrogen. Careful measure- 
mtjnts indicated that the twenty-aix-year-old hehuni had at last 
been run to earth, D' was at last visible in a laboratory. 
Professor Eamaay was good enough to send specimens of the 
tubes containing this gas round to other people, and he sent 
one of them to me. 

I received Professor Eamsay's tube on 28th March, but it 
was not suitable for the expeiiments I wished to make. 

On 29th March, therefore, as Professor lEamsay was absent 
from England, in order not to lose time I determined to see 
whether the gas which had been obtained by chemical processes 
would not come over by heating in vacuo, after the manner 
described by me to the Eoyal Society in 1870,' and Mr, L. 
Fletcher was kind enougli to give me some particles of uraninite 
(bio^erite) to enable me to make the experiment. 

This I did on 30th March, and it succeeded ; the gas giving 
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^^H tlic orange line cnnie over, associated wilh bydrc^n, ia good 

^^H quantity. 

^^H From 30t)i March onwards my assistants and myself bad 

^^H very exciting time. One by one the unknown lines I haS 

^^^M observed in the sun in 1868 were found to belong to the gas I 

^^H was distilling from br&^eiite. Not only D* but 4923, 5017, 

^H 4471 (Lorenaoni's /), 6677 (the BC of Fig. 16). referred to 

^^1 previously, and many other solar Hues, were all caught in a 

^^H few weeks. 

^^H But this was by no means all. The solar observations had 

^^1 been made by eye, and referred therefore to the leas refrangible 

^^H part of the spectrum, but I Iiad obtained hundreds of stellar 

^^^1 photographs, so I at once proceeded to photograph the spectrum 

^^^1 of tlie gas and compare its nioi'e refrangible lines with stellar 

^^H Here, if possible, the result was still more marvellous. In 

^^H the few-lined stars by 6th May I had caught nearly all the 

^^^1 mo^t important lines at the first ca.sts of the spectroscopic net. 

^^H Fig. 24, which includes some later results, will give an idea of 

^^H the tremendous revelation which had been made as to the 

^^^1 chemistry of some of the stages of star-life. I pointed out on 

^^H Stii May that we had already " run home " the most important 

^^^ lines in the spectra of a certain graup of stars, in which alone 

r we find D' reversed. 

These results enabled lis at once to understand how it was 
I that the " unknown lines " had been seen both in the sun's 

chromosphere and some nebulas and stars. The gas obtained 
fi-oiu the minerals made its appearance in various heavenly 
bodies, and because it was a gas it made its appearance iu 
different temperature conditions; and the more the work gtes 
on, we find that this gas is really the origin of many, but cer- 
tainly not of all, of the unknown lines which have been 
teasing astronomical workers for the last quarter of a centurv. 
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The First Investigations of the Spectrum of the Gas 

FROM ClEVEITE. 

The dates of the papers communicated to the Eoyal Society 
recording the observations of the lines in the gas obtained from 
minerals which had been previously recorded are as follows ; — 

I a5th April 4471 4144 

I 8th May 667 4388 4026 I 

I 9th May 3889 | 

\ aath May 7065 

29th May 5048 5016 4922 

The lines at 667 and 5016 had been previously seen by 
Thal^n {Coviptes Mendus, 16th April, 1895). 

Although the general distribution and intensities of the lines 
in the gaaes from briiggerite and cleveite safficieutly corre- 
sponded with some of the chief " unknown lines " in the solar 
chromosphere and some of the stars to render identity prabable, 
it was necessary to see how far the conclusion was sustained 
by detailed investigations of the wave-lengths of the various 
lines, 

^^H Employment of High Dispersion. 

B^pThia was practically a separate branch of the work, as the 
I observations had to be made in the observatory. Nest I give 
here the observations relating to D' and 4471. 

Tilt Oranga Line, X 5S759, — Immediately on receiving from 
Professor Eamsay, on 28th March, a small bulb of the gas 
obtained from cleveite, a provisional determination of wave- 
length was made by Mr. Fowler and myself, in the absence of 
the sun, by mierometric comparisons with the D lines of sodiiini, 
the resulting wave-length being 5876'07 on Rowland's scale. 
It was at once apparent, therefore, that the gas-Une was not far 
removed from the chromospheric D*, the wave-length of which 
3 given by Eowland as 6875'98. 
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The bulb being too much blackened by sparking to give 

sufficient luminosity for further measurements, I set about pre- 
paring some of the gaa for myself by heatiug hriiggerite in vacuo, 
in the manner I have already described. A new measurement 
was thus secured on 30th March, with a spectroscope having a 
dense Jena glass prism of 60°; this gave the wave-length 
58760. 

On April 5th I attempted to make a direct comparison with 
the chromospheric line, but though the lines were shown to be 
near to each other, the observ-ations were not 
regarded as final. 

Professor Ramsay having been kind enough to furnish me, on 
1st May, with a vacuum tube which showed the orange line 
very brilliantly, a further comparison with the chromosphere 
was made on 4th May. The observations were made by Mr. 
Fowler, in the third order spectrum of a grating having 14,438 
lines to the inch; and the observing telescope was fitted with a 
high power micrometer eye-piece ; the dispersion was sufficient 
show the difference of position of the D^ line on tlie 
east and west Hmbs, due to the sun's rotation. Observations of 
the chromosphere were therefore confined to the sun's poles. 

During tlie short time that the tube retjiined its great 
briUiancy, a faint line, a httle less refrangible than the bright 
orange one, and making a close double with it, was readily seen ; 
tut afterwards a sudden change took place, and the lines almost 
faded away. While the gas-line was brQliant, it was found to 
"be " the Itast trace more refrangible than D", about the thiek- 
of the line itself, which was but narrow " (" Observatory 
Note Book "). The sudden diminution in the biightness of the 
lines made subsequent observations less certain, but the instru- 
mental conditions being sUghtly varied, it was thought that the 
gas-line was probably less refrangible than the D* line by about 
the same amount that the first observation showed it to be 
more refrangible. Giving the observations equal weight, the 
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yas-!ine would thus appear to be probably coincident with the 
middle of the chromoapheric line, but if extra weight were given 
to the first observation, made under much more favourable 
conditions, the gas-line would be slightly more refrangible than 
the middle of the chromosphere line. 

Presaure of other work did not permit the continuation of the 
comparisons. In the meantime, Runge and Paschen announced 
{Nature, vol lii, p. 128) that they also had aeeu the orange line 
of the claveite gas to be a close double, neither component 
having exactly thu same wave-length as D', according lo 
liowland. 

They give the wave-length of the brightest component as 
5878'883, and the distance apart of the lines aa 0-323. 

■ This independent confirmation of the duplicity of the gaa- 
line led me to carefully re-obaerve the D' line in the chromo- 
sphere for evidences of doubling. On 14th June observationa 
were made by Mr. Shackleton and myself of the D' line in the 
third and fourth order spectra under favourable conditiona. 

" The line wan seen best in the fourth order, od an eitenaioa of the 
chromosphere or prominence on the north-east limb of the aim. The !>■ 
line was seen \eiy well, having every appearance of being doable, with a 
faint component on the red side, dimming away gradually ; the line of 
demarcation between the components waa not well marked, but it was 
seen better ia the prominence than anywhere else on the limb." (" Ob- 
servatory Note Book.") 

It became clear, then, that the middle of the chromoaphere 
line, as ordinnrily seen, and as taken in the comparison of 
4th May, doea not represent tlie place of the brightest com- 
ponent of the double line, so that exact coincidence was not to 
be expected. 

The circumstance that the line is double in both gas and 
chromosphere spectrum, in each the leas refrangible component 
being the fainter, taken iu conjunction with the direct com- 
parisons which have been made, rendered it highly probable 
. that oue of the gases obtained from cleveite is identical with 
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iliat which produces the D' line in the Bpectniin of the chrc 
sphere. 

Other observers have since sncceeded in leaolving 
cliromospheric line. On 20tlj June Professor Hale found tl 
line to ho tilearly double in the s]>ectrum of a prominence, the 
leas refrangible component being the fainter, and the distance 
iipart of the lines being measured aa 0'357 tenth-metres (Ast. . 
N(tfA, 3302). The doubling was noted with much less distint 
ness in the spectrum of tlie chromosphere itself on 24th Juii&. 
Professor Hale points out that Rowland's value of the wa 
length (as well as that of 5875-924, determined by himself 
1 0th and 20th June) does not take account of the fact that the 
line is a close double. 

Dr. Huggins, after some failure^s, observed the D' line to 
(Iiiuble on 10th July (Ast. Nach., 3302); he also notes that the 
less refrangible component was the fainter, and that the distance 
ajiart of the lines was about the same as that of the lines in 
the gas from cleveite, according to Eunge and Paschen. 

It may be added that, in addition to appearing in the chromo- 
Bpliere, the B" line has been observed as a bright line in nebulffi 
by Ur. Copeland, Professor Keeler, and others ; in /3 Lyr^e and 
other bright line stars ; and as a dark line in such stars as 
rSellatrix, by Mr. Fowler, I'rofessor Campbell, and Professor 
Keeler. In all these cases it is associated with other lines, 
which, aa I shall show presently, are associated with it in the 
spectra of the new gases. 

The Blue Liiie, A. 4471"6. — ^A provisional determination on 
2nd April of the wave-length of a bright blue line, seen in the 
spectrum of the gases obtained from a specimen of cleveite, 
showed that it approximated very closely to a chromospheric line, 
the frequency of which is stated as 100 by Young. 

This line was also seen very brilliautly in the tube supplied 
to me by Professor Eamsay on Ist May, and on 6tli May it weib 
compared directly with the chromosphere line by Mr. Fowler,, 
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The seconil order grating spectrum was employed. The observa- 
tions in this region were not so easy as in the case of D", but 
with the dispersion employed, the gas-line was found to !« 
coincident with the cbromospheric one. In this caae also the 
chromosphere was observed at the sun's poles, in ordt>r tu 
eliminate the effects due to the sun's rotation. 

Besides appearing in the spectrum of the chromosphere, the 
line in question is one of the first importance in the spectra of 
nebulae, bright line stars, and of the white stars such aa Eella- 
trix and RigeL 

Tlbt Infra-red Ziru, X 7065'5.— In addition to D" and the line 
at 4471'6, there is a chromoapheric line in the infra-red which 
also has a frequency of 100, according to Yonng. On 28th May 
I communicated a note to the Eoya! Society, stating that this 
line had been observed in the spectrum of the gases obtained 
from brbggerite and euxenite (Proe. Boy. Soc, voL Iviii, p. 192), 
solar comparisons ha\'ii^ convinced me that the wave-length of 
the gas-line corresponded with that given by Young; and I 
added ; — 

" It followa, therefore, that besides the hydrogen, lines all three chromo- 
apherio lines in Young's list which have a frequency of lOO have now been 
recorded in the spectra of the new gas or gasea obtained from minerals by 
the distillation method." 

M. Deslandres, of the Paris Observatory, has also observed 
the line at 7065 in the gaa obtained from cleveite (Comptes 
rcndus, 17th June, 1895, p. 1331). 

A great deal of work has been done upon these gases from 
other points of view than those which affect their cosmical rela- 
tions, and perhaps I may be allowed next to refer to some of 
the results which have been obtained by myself. 



The Cleveite Gases mot connected with Aegon. 

The first point is that the gas from the muiends coutaina do 
ai^OQ. Dr. Kamsay in his first experiments came to the conclii- 
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fiioii that the spectra of ar^on and helium contoiued mi 
common lines ; indeed, at Bret, the observed coincidencea were 
80 remarkable that be came to the conclusion that the connection 
was 80 close that atniospberic argon contained a gas absent from 
the argon seen in hia helium tube. 

This statement was subsequently withdrawn, but the com- ■ 
pound nature both of argon and heliiun was suggested by the 
fact that there were lines common to the two gases. These 
lines were in the red; one coincidence I found broke down with 
moderate dispersion, the other yielded suliaequently to the still 
greater dispersion employed by Drs. Eunge and Paschen. Ic 
may be also stated here that I have not found a single coinci- 
dence between aigon and any line in the spectrum of any cele»^< 
tial body whatever. This happens, as everybody knows, also mi 
the case of oxygen, nitrogen, chlorine and the like. 

The Cleveite Gas a Mixture. 

The first spectroscopic observations made it perfectly obvious 
that the gas as obtained from uraniuite is a mixture of gases ; 
that the gas which gives the yellow line is not an isolated oney ' 
but is mixed up with other gases which give other line 

In May I wrote as follows : — ' 

" The prelimioary reconnaissaince suggests that the gas obtained b 
briiggerite by my method is one of complei origin, 

" I DOW proceed to show that the same conclusion holda good fort] 
gases obtained by ProteBsore Ramaay and Cl^ve from cleTeite. 

" For this purpose, as the final measures of the lines of the gaa a 
obtained from eleveite by ProfeBaors Bamsay and C!i5ve have not yet b 
published, I take those given by Crookes and Cl^ve, as observed \ 
Thal^D. 

" The meet definite and striking result so far obtained is that ii 
spectra of the minerala giving the yellow lice I have bo far examined, X 
have never once seen the lineH recorded by Crookes aii.d Thal6a in. the 
blue. Thu demonstrates that the gas obtained from certain specimens of 
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cleveite by chemical methods is vaatly different from that obtained by my 
method from certain specimeiiB of hroggerite, and since, from the point of 
view of tlie blue lines, the epectrum of the gas obtained from cleveite is 
more complex than that from brijggerite, the gas itself cannot be more 

" Even the blue lines themselves, instead of appearing en bloc, vary 
enormouBly in the sun, the appearancea being 

" 4922 (4921-3) = thirty times 
" 4713 (4712-5) = tvrice. 

" These are not the only facta which can be adduced to suggest that the 
spm from cleveite is be complex as that from br5ggerite." 

It is seen that qiiice early in the inq^uiry we liaJ not only 
BpectroBCopic evidence in the laboratory which was complete 
in itself, but that the caae was greatly strengtheneil when the 
behaviour of the various lines in the sun and stars was also 
brought into evidence. 

In the first caae we had the laboratory separation of D* 
from the lines 5048, 5016, and 4922. 

liiter on in the same month I showed that the hnes at D* 
and 447 behaved in one way, and that at 667 behaved in 
another. 

In order to teat this view I made some observations based on 
the following considerations : — 

(1) In a simple gas hke liydrogeu, when the tension of the 
electric current given by an induction coil ia increased by 
inserting first a jar and then an air-break into the circuit, 
the effect is to increase the brilliancy and the breadth of all 
the lines, the brilliancy and breadth being greatest when the 
longest air-break is used, 

(2) Contrariwise, n-hen we are dealing Tvith a known com- 
pound gas ; at the lowest tension we may get the complete 
spectrum of the compound without any trace of its constituents, 
and we may then, by increasing the tension, gradually bring in 
the lines of the constituents, until, when complete dissociation 
is finally reached, the spectrum of the compound itself dis- 
appears. 
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AYorking on these lines the spectrum of the spark at ■ 
spheric pressure passing through the gas or gases distilled 
hroggerite, lias been studied with reference to the 
lines C (hydrogen), D». 667, and 447. 

The first result is that all the lines do not vary equally 
they should do if we were dealing with a simple gas. 

The second result is that at the lowest tension 667 
tively more brilliant than the other lines ; on increasing the 
tension, and D'^ considerably increase their brilliancy, 667 
relatively and absolutely becoming more feeble, while 447j 
seen easily as a nanow line at low tension, is almost broadeni 
out into invisibility as the tension is increased in some of tl 
tubes, or is greatly brightened as well as bi-oadened in otht 
(Fig. 21). 
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Fio. 31. — Diagram sliowing changes in inUnBitiei of lines bnnight about br 
Tarjing the teiuion of the ipark. 1. Without oir-breok. 2. With siir-bMak 

The above observations were made with a battery of i 
Grove cells ; the rediiction of cells from five to two made l 
difference in the phenomena except in reducing their 1 
liancy. 

Eeaaoning from the above observations, it seems evident thi 
the effect of the higher tension is to break up i 
compounds, of which C, D', and 447 represent constitueol 
elements; while, at the same time, it would appear that ( 
represents a line of some compound which is simultaneously^ 
dissociated. 

The unequal behaviour of the lines has been further noted in 
another experiment, in which the products of distillation of 
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brijggerite were observed in a \'acmim tube and photographed ^^M 
at various stages. After the first heating D' and 4471 -were ^H 
seen bright, before any lines other than those of carbon and ^^M 
hydrogen made their appearance. With continued heating ^^H 
667, 5016, and 492 also appeared, although there waa no notable ^H 
increase of brightness in the yellow line ; stUl further heating ^H 
introduced additional liues 5048 and 6347. ^H 
These changes are represented graphically in the following ^^H 
diagram (Fig. 22). ^H 
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FlQ. 23. — Diagram eliotiing order in wlueli lines appear in Bpectram of Tttcuuui ^^^H 

It was recorded further thai, the yellow line waa at times ^^M 
dimnaed, while the other lines were brightened. ^^M 

In my second note, communicated to the Eoyal Society on ^^M 
the 8th May, 1895, I stated that I had never once seen the ^H 
lines recorded by Thal^n in the blue, at X 4922 and 4715. ^H 

It now seems possible that their absence from my previous ^^M 
tubes was due to the fact that the heating of the minerals was ^^M 
not sufficiently prolonged to bring out the gases producing these ^^M 
lines. ^^H 

It is, perhaps, to the similar high complexity of the gas ^^M 
obtained from cleveite that the curious behaviour of a tube ^^M 
which Professor Eamsay was so good as to send me, must be ^^M 
ascribed. When I received it from him the glorious yellow ^^M 
effulgence of the capillary while the current waa passing was a ^^M 
sight to see. But after this had gone on for some time, while ^^H 
the coincidence of the yellow line with U^ of the chromosphere ^^M 
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was being inquired into, the luminosity of the tube w 
siderably reduced, and the colours in the capillary and c 
poles were changed. From the capillary there was but a feebl 
glimmer, not of an orange tint, while tlie orange tint was i 
observed near the poles, the poles themselves being obscured h 
a coating on the glass of brilliant metalUc lustre. 

After attempting in vain for some time to determine tlw^ 
cause of the inversion of D* and 447 in various photographs I 
had obtained of the spectra of the products of distillation of 
many minerals, it struck me that these results might be associated 
with the phenomena exhibited by the tube, and that one expla- 
nation would bo rendered more probable if it could be shown 
that the change in the illumination of the tube was due to the 
formation of platinum compounds, platinum poles being uaed. 
On 2lBt May I accordingly passed the current and heated one 
of the poles, rapidly changing its direction to assure the action 
of the negative pole, when the capillary shortly gave a very 
strong spectrum of hydrogen, both lines and structure. A 
gentle heat was continued for some time, and apparently tlie 
pressure in the tube varied very considerably, for as it cooled 
the hydrogen disappeared, and the D^ line shone out with its 
pristuie brilliancy. The experiment was repeated on 24th May, 
and similar phenomena were observed. 

Some little time after^ Professors Eunge and Paschen, from 
an entirely different standpoint, arrived at exactly the same 
conclusion. 

The employment of exposures extending over seven hours 
has given a considerable extension in the number of lines, and 
the bolometer has been called in to invest^ate lines in the infra- 
red ; better still, tliey have employed well-practised hands in 
searching for series of lines. Operating by chemical means 
upon a crystal of cleveite free from any other mineral, they 
have obtained a product so pure that from these series there 
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are no outstanding lines. Very great weight, therefore, must 
be attached to their conclusions. 

Ab a result of their investigations, Dra. Runge aod Pascheu 
stated that the gas given off even by a pure crystal of cleveite 
is not simple. In their view the mixture consists of two con- 
stituents. 

This conclusion was arrived at from the following considera- 



" The wave-lengths (X) of the lines t 
nlwajB approxiiaait«l; connected by a faimula somewhat aimiW to 
Balmer'a 

" 1/A = A - B'TTt' - C/m'. 

" A determines the end of the aeries towards which the lines approach for 
high values of jn, but does not influence the difference of wave-numbers 
of any two lines. B has nearly the same value tor nil the aeries observed, 
and C may be said to determine the spread of the aeriffs, corresponding 
intervals between the wave-numbers being larger for larger values of C 
As B is approximately known, two wave-lengths of a series aufiice to 
determine the conatanta' A and C, and thus to calculate approximately the 
wave-lengths of the other lines. It was by this means that we succeeded 
in disentangling tlie spectrum of the gas in cleveite, and showing its 
regularity. 

" In the Bpectrum of many elements two aeries have been observed 
for which A has the same value, ao that they both approach to the same 
limit. In all these cases the series for which C has the smaller value, 
that is to say, which has the smaller spread, is the stronger of the two. 
In the apeutrura of the gas in cleveite we iiave two instances of the same 
occurrence. One of the two pairs of series, the oue to which the strong 
yellow double line belongs, consists throughout of double tinea whose 
wave-numbers seem to have the same difiereuce, while the hues of the 
other pair of series appear to he all single. Lithium is an instance of a 
pair of series of single lines approaching to the same limit. But there 
are also many instances of two aeries of double lines of equal difference of 
wave-numbers ending at the same place aa sodiura, potassium, aluminium, 
etc. Tliere are also cases where the members of each series consist of 
triplets of the Banie difference of wave-numbers, aa in the apectnim of 
magneaium, calcium, stroutium, zinc, cadmium, mercury. But there ia no 
instance of an element whoae spectrum contains two pairs of seriea ending 
at the same place. This suggested to ua the idea that the two pairs of 
series belonged to different elements. One of the two pairs being by far 
the stronger, we assume that the stronger one of the two remaining aeries 
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Iwiougs to the same element as tlie stronger pair. We thuii get tux 
spectra conaiating of three series each, two aeries ending at the same place'* 
and the third lenping ovei- the £rst two iu large boimdfl aud ending in 
the more refraiigible jmrt of the spectrum. Tliia third series we suppose 
to be analogous to the so-called principal aeriea in the spectra of the 
alkalis, which show the same features. It ie not impoftsible, one may e 
eay not unlikely, that there are principal series in the spectra of the < 
elementa. But so far they have not been shown to exist. 

" Each of our two spectra now shows a close analogy to the spectra 
the alkalis. 

" We therefore believe the gus in cleveite to consist of two, and i 
more than two, constituente." 

To tlie one containing the line D', which I diaeovered i 
1868, the name helium remains ; the other for the present ^ 
may call " gas X,"' 

The chief lines of these two constituents are as followi 
according to Runge and Paschen, the wave-lengtha bei 
abridged to five figurea. 



HELIUM. 



Principal Series. 


Series. 


Series. 


2663 '3 


3456-9? 


3481-6 


2877 


3 


3461 ■4,!' 


3490 


8 


2696 


2 


3466-0 


3602 


5 


2783 


3 


8471 '9 


3617 




2763 




3479 1 


3537 





2829 


2 


3487-9 


3563 


1 


2915 


2 


S498-8 


3599 


5 


3187 


8 


3S12-3 


3652 


1 


3888-8 


8530-6 


3733 







3554-6 


3867 


6 




3587-4 


4121 







3634-4- 


4713 


3 




3705 -2 


7U65 


5 




3819-8 






4036-3 






4471-6 






5875 -9 






In. Lho many compariaona 1 had to make, I Boon found the ii 

haying u name for the gas whiuh guvo 667, 601 and other tines. When, 
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Frill cipol Series. 


Series. 


2nd SubordinatB 
Series. 


817G'6 


3766-2 


3770 -r 


3196 


s 


3768 '9 


3787 


6 


3211 


s 


S785-0 




2 


3231 


3 


38U5-9 


3S78 


3 


3268 




3833-7 


3936 


1 


3396 


9 


3H73 -0 


4024 




3354 


7 




4169 


1 


8447 


7 


4009-4. 


4437 


7 


8613 


3 


4143-9 


5047 


8 


3964 


3 


4388 1 


7281-8 


eoie 




4982-1 






6678-4 





More i-ecently Professor liarasay baa abandoned liia view of 
the simple nature of the cleveite gas, and states that from his 
experiments " there appears ground for the supposition that 
helium ia a mixture."' 



The Existence of the New Gases in Celestial Bodies. 

And now comes the great revelation, and it is this. The 
majority of the lines classed as unknown in the spectra of tlie 
l^rion nebula, stars of Group III, and the sun are really due to 
the cleveite gases. 

The following table sets this result out. It will be seen 
that of seventeen unknown lines, twelve have been run to 
earth. 

thereforp, ProfeBsora Buuge Mod Paschen, wlio had endorsed m; roaiUta, and 
iiod extended them, called upon me, I thought it right to suggest to them that, 
eiiiting the prioril; of nij ovn results, we should all three combine ic suggesting 
11 nsme. ProEesBor Buoge (under date 20th October) wroto mo " the inference 
lliat there ore two gases in a spectroscopicBl one, being based on the inrestiga- 
tion of the ' Bcries.' Now, though we think this basis quite souud, we must own 
that the eonclusion rests on induction. . . . Tor this reason we do not 
wont to give a name to ' gas X '. " I liave so far suggested no name, though 
Orionium and Asterium have b«eu in my miud. 
J JSatvre, vol, liii, p. 698. 
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Compai-imn of Lhies in Orion Nebula and Bdlatrix. 



oa^^H 



Onon Nebu!». 










Bellatrii nnd 
BcUpse 1S93. 


Origm. 






CampbelL 


Lwkjer. 






38G9 


•3889 (7) 


t3867-6 

(Falls 


He. 


36S9 


aatS (71 


3888 on He.) 


He. 




4011 (3) 


4009 (8) 


X 


4026 


4026 (C) 


4026 (10) 


He. 




4042 (1) 


4041 (3) 


Slill unknown 


4067 


4068 (3) 


4070 (3) 


Still unknown 


4121 


4121 (I) 




ile. 


4143 


4143 (I) 


4141 (8) 


X 




4168 (1) 


4169 (5) 


X 


436r. 


4270 (3) 




StUl unknown 


4389 


4a90 (a) 


4389 (8) 


X 


4472 




4472 (10) 


He. 








Still unknown 




4628 (3) 


463(. (3) 


Still unknown 


4711 




4716 (5) 


He. 




■4834 (5) 


+ 1932 ■1(8) 


X 


5371 


5875-8 




D' Ho. 




• Botwoen these AA there arc fortj-two lines in Ihe Orion photo of which 
are known other than He. end X. 

♦■ Between these XK there are forty-five lines in the Bellatrii photo of n 
e are known other than He. and X. 
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The following tables give the complete list of lines and the 
celestial body in which they have beeii traced : — 

In the tables, under " Sun," C, followed by a number, indi- 
cates the frequency as given by Young ; E indicates the lines 



HELIUM. 





Sun. 


Star or Nebula. 


11170 






8889 


C E 


N. III. 7 


3188"! 






2945 






2829 








2764 


.« 






2723 






2696 








2677 








2663J 








5876 


C 100 E 


N. "Bellatrix. 


4472 


C 100 E 


N. III. 7 


4026 


C 25 E 


N. III. 7 


3820 


E 


in. 7 


3705 








3634 








3587 








3555 








3531 








3513 








3499 j- * 






34S8 








3479 








3472 








3466 








3461 








3457^ 








7066 


C 100 




4713 


C 2 E 


N. III. 7 


4121 


E 


N. III. 7 


3868 


? 




8733 


E 


Bellatrix 


3652"! 








3599 








8563 








:'537 


L* 






3517 


r 






3503 








3491 








3482^ 
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phot<^raphed daring the eclipse of 1893. Under "star or 
nebula," the references are to the tables given in my r 
the nebula of Orion (PhiL Trans,, voL clxxxvi, 1895, p. 
scq). N = Nebula of Orion. 





Suu. 


Star or Nebula. 


5016 


C 30 E 




8B65 


? . 


III.T 


36141 


E 




3448 






3365 






3207 






326S ■• 






3231 






3212 






3197 






3177J 






6678 


C 25 




4922 


C 30 E 


N. m. y 


4388 


E 


N. III. T 


4144 


E 


H. Ill.y 


4009 




III. 7 


3927 




St^Ualrix 


3873 




BeUatrix 


3834 


E 


Hid by H. line 


3806 




BeUatrii 


3785* 






3768* 






3756» 






7283 






5048 


C 2 




4438 




Bellatrii 


4169 




BeUntrii 


4024 








Hid in K. 




3878 


C E 




3838 


E 


a Cjgni 


3788* 






3771* 







• Meona that these liuee bj 



it ol the range of my ubeertftlioi 



^^H stellar speci 



The annexed reproduction of a photograph of Bellatrix will 
show bow striking has been the result of the diacovery so far as 
stellar spectra are concerned. 
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Hydrogen, helium, and gas X are tlitis proved to be those 
elements, which are, we may say, completely represented in the 
hottest stars aiid in the hottest part of tlie sun that we can get 
at. Here then, in 1897, we liave abundant coufirmation of the 



views I put foi'ward in 1868 as to the close connection betwi 
helium and hydrogen. 



■een^^ 



Effects of Difkcsiok. 



A diffusion experiment described in their paper enabled 
Messrs. Runge and Paschen to go a stage farther, and to an- 
nounce that of their two constituents the gas giving D^ was the 
heavier one. They also added : — 

" From the fact that tlie second set of series is on the whole sitoated 
more to the refrangible part of the apectrum, one may, independently of 
the diffusion experiment, conclude that the element corresponding to the 
second eet is the heavier of the two." _ 

As they themselves pointed out, however, the result was not.* 
final, because the pressures were not the same. I have recently 
made some e."cperiments in which the pressures remain the same. 

A n-tube was taken, and at the bend was fixed a plaster of 
Paris plug about 1'5 cm. thick; in one of the limbs two 
platinum wires were inserted. The plug was saturated with 
hydrogen to free it from air; the tube was then pluuged into a 
mercury trough, and fixed upright witli the limbs full of mer- 
cury. Into the leg (A) witli the platinum wires a small 
quantity of hydrogen was passed, and as soon after as possible 
another small quantity of a mixture of helium and hydrogen 
from samarskite was put up the other limb (B) of the fl-tube. 

Immediately after the helium was passed into the limb (B) 
spectroscopic observations were made of the gas in the hmb (A) ; 
D^ was already visible, and there was no trace of 5015-7, This 
result seems to clearly indicate that if a true diffusion of one 
ixmstituent takes place, the component wliich gives D^ is lighter 
than the one which gives the line at wave-length 50157. 
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Although this result is 


opposed to the statement made by ^^M 


Riinge and I'lischen, it is 


entirely in haimony with the solar ^^H 


and stellar results. 


■ 


In Buppoilr of this I may instance that of the cleveite lines ^^ 


aaaociated with hydrogen 


in the chromosphere and stars of ^^H 


Group III7, those allied to D^ are much stronger than those ^H 


^^ belongii^ to the series of which 5015-7 forms part. ^^M 


^^H M1XEIUL8 Examined. ^^| 


So far I have worked 


upon some seventy minerals, and I ^^M 


have found the yellow line 


in sixteen. The following are the ^H 


minerals, etc., which have heen investigated ; those which give ^^M 


the D^ line being mai'ked with an asterhk :— ^| 


1 ♦.Eschyiiite. 


Gneiss. ^^^ 


^^^^^ Almandine. 


Grauite. ^^H 


^^^fe AnKleeite. 


^m 


^^H Anhydrite. 


^umniite. ^^H 


^^^B 


Hti^inatite. ^^^^^H 


^^H Barytee. 


^^^^^^^H 


^^^1 ^-Brtiggerit^. 


^^^^^^^H 


^^^H Broozite. 


^^^^^^H 


^^^H Calco-nranite. 


^^^^^^1 


^^H Caaaiterite. 


^^^^^^^H 


^^H (Jelestiue. 


Kielhauite. ^^^^^^| 


^^M Oiaik. 


^^^^^^H 


^^^m Chamockite. 


^^^^^^^H 


^^H Chromite. 


^^^^^^H 


^^H *CleTeite. 


Magnetite. ^^^^^^^H 






^^^1 Crocidolite. 


Miuinm. ^H 


^^H Capro-nraniU:. 


«Motiazite. ^^M 


^^1 «Eliamte. 


Obsidian. ^^^^H 


^^^H Enstatite. 


^^^^^H 


^^H «Euxenite. 


Oliviue-EiiHtatite. ^^^^^^H 


^^^1 ^FerguBouite. 




^^1 FrankUnite. 


^^^^^M 


^^^1 tiiLdolinite. 


^^^^^H 


^^^1 Gahuite. 


Plumbic Oclire. ^^^^^^H 


^^m 


^^^^M 

^^H 
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♦Pyrochlore. ♦Tlioro-^funimite. 

Quartz. ♦Uraninite. 

Red Clay. Uranocircite. 

Rhodonite. Uranophase. 

'^amarskite. Wulfenite. 

Schorlomite. Wolfram. 

Sphene. Xenoiine. 

Staurolite. ♦Yttro-Gummite. 

Thorite. 



CHAPTEE VI.— THE EELATION OF STAES TO 
NEBULAE. 



The Old Views. 

Thg various views which have been held time out of mind 
"With regard to the relation of star's to nehuliE, and the special 
nature of both these classes ot celestial bodies have always bad 
the gi'eatcst interest for mankind, for those at all events among 
na who like to know something about the universe in which our 
lot is cast. No dividends, unfortunately or fortunately, depend 
upon the discussion or even the application of any branches of 
inquiry which are necessary in order to make progress along 
the lines of thought thus opened up ; scant attention is paid to 
them by educational bodies, for they lead to no profession. 
Still, in spite of this, some of the noblest triumphs of the human 
mind have been made in that region where man finds himself 
face to face with the mysteries of the distant heavens, and indeed 
no chapter in human history is more interesting than that in 
wliich we read Jiow man has struggled with the mysteries which 
surround him in the depths of space. 

To consider completely the Sun's place in Nature the relation 
of these two apparently different classes of celestial bodies, to 
■which I have referred, must be gone into. Thanks to the 
advance of modern science, pictures of clusters of stars and of 
LSiebulaj, in which we see those boilies very much better than 
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we cun in tlie best equipped observatories in the world, are aff 
our disposal, for it so happens that the eiiorniOHS progress 
which has recently been niatle in the application of photogi-aphy 
to aatronomical work enables iis to get permanent records of 
parts of them which are so dim that they never have been ahA^h 
never will be directly revealed t« the eye of mortals. |^H 

It will he well to call attention to some typical examples 
both of clusters and nebula;. This I am enabled to do by the 
kindness of Ur. I. Koberts, to whose instrumental means I have 
already called attention. A condensed stai' cluster is well 
represented by the one in Libra, whieli well indicates that in 
the case of a star cluster it is obviously a case of separate stars 
gradually congi-egatiug towards the centre. 




FlQ. 25.— The Cluster 15 M Libra, from a pbotograph by Dr. Ki>berta, 



In the photograph of the great nebula in Andromeda, which 1 
is given as a term of comparison, there is a filmy sorb of 
Inminr.sity, which is quite distinct from the neighbouring stars. 
To bring out the transforming effect of prolonged exposures on 
the nebulre I give two views of the nebula of OrL 




Orion which show ^1 
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Fl9. 26.— Tlie area' 



that the nebula which wo see ordinarily in our t 
only a very, very small fraction of the real nebula as it really 
exists, when we can get at it under the beat poaaible observing 
conditiooa. On the left of the figure we have the results when 
■ it has been photographed by means of a telescope powerful 
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igli to give 118 the bnghter portions. On the light 
liave another photograph of the nebula exactly on the ei 
scale, in which the nebula that we usually see occupies only 
a very small place ; the only difference between the two 
photographs is that one has been exposed for a very long time 
tn enable us to fix and to study the very dim reproduction of 
certain parts of it, whilst the first one was exposed only for a 
abort time, in order that we might dwell effectively on that part 
only of the nebula which is generally visible to the human eye. 
with an ordinary telescope. 

A rapid glance at these photographs will indicate that there 
is a very great difference in the appearance of star-clusters and 
iiebuIiE, and when we compare tliese two great groups of celestial 
bodies with the greatest cai'e we find that, at all events in 
appearance, there is an enormous difference between them; that 



I 
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a nebula is certainly imiike an oidinary star-cluster. This is so 
.obvioua that even those who first observed the very tew nebula' 
which are visible to the naked eye, such as that in Orion, were 
thrown into the greatest wonderment by their strange appear- 
ance. 

Let us go back 150 yeai's. Here is what the French pliiloso- 
.pher Maujiertuis said about them in the year 1745. 

" The firet phenomenon is that of those brilliant patches in the akj 
which are named uebulte, and which have been considered aa raiiaaea or 
groups of Bmall stars; but our astrononiers, with the aid of better tele- 
scopes, have Duly seea them as great oval areas, luminous and with a light 
brighter than the rest of the heavens. Huygens first discovered one in 
the constellation of Orion ; Halley, in the Pkiloeophical Transactions, 
pointed out six, the fii-at in the sword of Oricu, the second in the constel- 
lation of Sagittarius, the third in the Centaur, the fourth before the right 
foot of Antinous, the fifth in Hercules, and the sixth in Andromeda. Five 
of these spots having been observed with a reflector of S feet, only one of 
them, the fourth, could be taken for a group of stars ; the others seem to 
be great shining areas, and do not differ among themselves, except that 
some are more round and others more ova! in shape. It seems also that 
in the first the little stars which one discovers with the telescope are not 
capable of causing this brightness. Halley was much struck with these 
phenomena, which he believes capable of explaining a thing which seemed 
tlifScuIt to understand in the Book of Genesis, viz., that light waa created 
before the sun. Durham regards them as holes through which one dis- 
■covera an immense region of light, and finally the empyrean heaven itself. 
He professes to have been able to distinguish that the stars which are 
seen in some of them are very much less distant from ua than the spots of 
light themselves." ' 

Hence we see that 150 years ago some of our keenest 
intellects were struggling with the questions, involved in 
mystery, which had been started by the discovery of these 
nebtilous bodies in space. That was in the year 1745. Soon 
after this, in the year 1755, Kant, who was a German, though 
he was a Scotchman by descent, brought out an hypothesis in 
which he attempted to show that there was the closest possible 
connection between stars and the clusters and nebulie of which 
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Maupertiiis wrote. He held distinctly that the stars were 
produced by some action brought about in nebulte ; in other 
words, that the nebulie represented a first stage out of which 
stars, representing a later stage, were produced by certain 
processes of evolution. 

From 1755 we pass to 1795, at which date we find a great 
Frenchman, Laplace, practically rediscovering and reasserting 
the same tliiug. It is believed that he knew nothing of Kant'a 
pnor work, and therefore we have the advantage of dealing 
with the results of the thoughts of two great minds. Laplace 
came to the same conclusion as Kant, so far as it went, but he 
went further than Kant did, because he held that the nebulas 
really represent enormous masses of elastic gas at a very high 
temperature, and that therefore the stars, which he conceived, 
as Kant had conceived, to be produced by evolutionary processes 
from these nebula;, were really produced from incandescent 
masses of gas. 

Now, seeing that our sun is a star, it ia perfectly clear from ] 
this that both Kant and Laphice agreed that the sun, represent^ 
ing a star, had originally been produced from a nebula, ^ 

About the time of Laplace., ■i.e., about 1796, Sir William 
Hei3chel was makuig England famous by the discoveries ren- 
dered possible by that wonderful telescope which he had erected 
at Slough. There, for the iirst time, the possible similarities 
and the possible differences of these two great groups of celestial 
bodies were subjected to the most minute and laborious scrutiny. 
He came absolutely to the same conclusion as his predecessors 
had done, and for Sir William Herschel there was no doubt what- 
ever that from the most in-egular nebula to the densest star 
there was a gradual process of change ; that there was no radical 
difference, but that the star represented simply the result of 
certain evolutionary changes. This view thus strengthened held 
the field for some years ; then a larger telescope was made by 
Lord Eosse ; a 6-foot mirror was now available instead of the 
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■foot one wliicli had beeu erected by Herachel at Slough. 
■d Ilosee — we find the whole story admirably told iH Professor 
Nicbol's book. The ArchikciUTe of (he Ifeavem — came to the 
conclusion that when lie observed a so-called nebula on the 
fiuest possible nights, when the uir wjis stillest, and the ma;^ii- 
fyiug power which he could use was greater than usual, he could 
see what he called the possibility of a resolvability in it. That 

to say, nebulaj might after all really be star-clusters, only 
inmiensely remote, so that the light of all the stars was, as it 
were, so blended together as to give that appearance of a caudle 
*een through horn, which Maupertuia and hia predecessors had 
observed. 

Next we come to the year 18G2, and we hud a new iustrument 
brought to bear, which at once drove into thin air all the state- 
meuts which had beeu made on what had turned out to be a 
line of inquiry wliich was incapable of giving a final verdict. 
It so happened that in that year there was a very powerful 
combination formed by a distinguished chemist and philosopher. 
Dr. William Allen Miller, the Treasurer of the Eoyal Society, 
who had already done admirable spectroscopic work, and a 
neighbour of his, Mr. Huggins, who had mounted a powerful 
telescope in 1856. The spectroscojie, which was then practit-ally 
a new instrument, was attached to the telescope. 

The first question put to the combined instruments was: 
What is starlight like ? It was found that the stars give a 
spectrum very much like the spectrum of the suu, in some cases 
atallevents, and that this spectrum could be defined in the Ught 
of the third axiom (p, 15), that part of the light was absorbed, 
there were dark lines in the spectrum ; and thus we knew that 
light had been absorbed by an atmosphere surrounding some- 
thing which was very much hotter than itself, and in that way 
the science of solar and stellar iihysics was founded. 

The second question put to this instrument was what is the 
light of the nebula; like ? 
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I liave already stated tliat Laplace held that iu tliese bodiea^ 
we were dealiug with pas at a high tempei'ature. Prom the 
time of Tycho Brahe downwards people had an idea that the 
iieliulEe were " fiery." What shoulil we expect to get in our in- 
atrnraeut ? 

The second axiom tells us that, if we are dealing with matter'l 
in a state of gas, or anything vapourous at very high tempera-J 
tiire, we shall get bright lines only. The iiuestion aa to thesj 
nehula.' was put in 1864, and, curiously enough, when the olvl 
servation was made, the observer, Ur. Huggina remarked : " Atl 
first I suspected some derangement of the iiistniment had takenJ 
place, for no spectrum was seen, but only li short line of lighH 
peiiiendicular to the direction of dispersion."' " Only a line"-* 
was exactly what I suppose Laplace would have given all heu 
poaseased to see, if spectrum analysis had been invented in hism 
day. 

That hue settled the question. There was certainly a tre-j 
mendoiis spectroscopic difi'erence between stai's and nehnhe, andf 
this difference has been emphasised by subsequent researches,^ 
It la evident, therefore, that Lord Bosae's suapieion that thfti 
nebulae might, after all, be found to be resolvable into staci 
clusters when greater optical power was used, was proved to l 
erroneous. 

This, then, was a great point gained — a sohd advance, biri 
unfortunately the spectroscopic observations of the nebulfe leo 
Dr. Huggina to the conclusion that the result of liis iiiquirieal 
was rather to show that the connection, wliich had been asserted | 
both by Kant and Laplace, and wliich had been accepted by I 
everybody up to then, really did not exist In a paper which i 
detailed these spectroscopic observations, published iji 1864, ' 
Dr. Hu^ins stated his conclusion that the nebuhe, instead of J 
having anything whatever to do with any evolutionary line'] 
^ which both uebuIiE and stars might be traced, possessed a | 
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structure and a purpose in relation to the universe altogetlier 
distinct and of anotlier order. 
He wrote : — 

" We have in theae objects to do no longer with a. special luodiflcation 
only of our own type of anus, but find ourselTea in the presence of objects 
poaseasing a jieciiliar ami distinct plan of structure." * 

And again in 1805 :— 

" The nebiilie which give a gaseous spectrum are ayatems possessing a 
structure, and a purpose in relation to the universe, altogether distiuct 
and of Another order from the group of cosmical bodies to which our sun 
and the fised stars belong."' 

So that the iirst apparent teaching which we got from the 
spectroscope practically put us in a very considerahle difficulty ; 
if it were accepted, of course the views of Kant and Laplace 
would have to be rejected. 

Now, if we fonu any conception of nebuke changing into 
stars, we begin by knowing that the stars are very much denser 
than the nebulre — taking the sun as an instance, the star prac- 
tically close to us — and that, as the stars are denser than the 
nebulte from which they are formed, they must at some stage 
be hotter than the nehulie, instead of being colder. 

This conclusion follows upon the application of thermo- 
dynamics, and had been indicated in 1854 by Helmholtz, who 
showed that— 

" It was not necessary to suppose the nebulous matter to hare been 
origmally liery, but that the muttiat gravitation between its parts may 
have generated the heat 1« which the present high temperature of the sun 

The New Vmw. 

Sii' William Thomaun, now Lord Kelvin, pointed out q^uite 

distinctly, in 1871, that the hypotliesis of fiery nebulous matter 

— by that meaning nebulous matter hotter than the stars — was 

invented before thfi discovery of thermodynamics. 



= Proc. Buy. Soc, 1865, vol. i 
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" The old nebular hypothesia aupposes the iolar system, and other 
aimilaT Hyatems through the uuiverae, which we see at a distance as Btars, 
to have originated in the condensation of fiery nebulous matter. This 
hypothesis was invented before the diacoveiy of thenno- dynamics, or the 
uebulw would not have been supposed to be fiery ; and the idea aeems 
never to have occurred to any of its inventors or early supporters that 
the matter, the condensation of which they supposed to constitute the sun 
and stars, could have been other than fiery in the beginning." ' 

More than this, Lord Kelvin told us howhe could imagine a con- 
dition of nebula; wliich might ultimately condense into stars with- 
out violating the laws of thermodynamics, which wei'e completely 
traversed by Laplace's view ; and he referred to a suggestion 
that had been made by Professor Tait, who supposed that the 
luminosity of uebulffi, and even the spectroscopic appearances 
wliich have been observed, might be explained by supposingjfl 
that we were dealing with gaseous exhaJationa proceeding tioa^ 
tlie collisions of meteoric stones ; and he also pointed out t 
possibly that would not only explain the luminosity of netu] 
but the luminosity of comets as well, 

" But a solution, which seems to me in the highest degree probable, 
has been suggested by Tait. He suppoees that it may be by ignited 
^a&eous exhalations proceeding from the collision of meteoric stones, that 
uebulfB and the heads of comets show themselves to us."' 

When I commenced my general survey in 1887, Dr. Huggin 
view, in spite of the caveat of Loi-d Kelvin, was supposed i 
liold the field, and hence it was generally imagined that the ob' 
servations of Dr. Huggins justifi.ed the idea that the nebu] 
were masses of incandescent permanent gases. 

It may well be imagined that the view that the nebulse coil4 
sisted of one or two permanent gases at once led to seven 
moLt remarkable views of the general constitution of the 
heavens. 

Towards the end of this nineteenth century chemists claim 
to know something of the materials which have built up the 
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planet on which we dwell, and if we consult any of the books 

wliicli have heen written on speetnim analysis, giving the re- 
sults of the work during the last thirty years or so, we find it 
stated over and over again that the spectroacope has put it for 
ever beyond donbt that the chemistry of the skies, i.e., the 
chemistry of the various bodies in space, which are at a suffi- 
ciently high temperature to enable us to examine them spectro- 
scopically, exactly resembles the chemistry of the earth. So 
that, if this were true, we should have a common chemistry of 
the earth, of the etara, and among the stars of course our own 
sun. 

On the other hand, we should have, according to Dr. Huggins, 
absolutely and completely distinct from these bodies another 
class, the nebulte, in which the chemistry is absolutely and 
completely different. This was ao clearly the idea suggested to 
philosophical students of these questions, that Dr. Wolf, a 
famous French astronomer, who has written an all-important 
book for those who are interested in these inquiries, Les hypo- 
tfiises eosmoc/oniques, published in 1886, writes : — 

" If we admit the data of apectrum anaiysifl as to the gaseona state of 
these siitgiilar bodies, the nebulie, aiid the Himplicity of their composition, 
one is led to see in them only the residuum of the primitive matter after 
ls Hnd into planets has extracted the greater part of 
the earth and chemically in uome of 



condensation into si 

the simple elemeuta which n 

the stars." ' 



It was perfectly clear then to Dr. Wolf that, if the constitu- 
tion of the nebulie was anything like what was supposed to have 
been revealed by the early spectroscopic observations, we were 
dealing with a residuum. There was one kind of action in 
space, bringing together one class of elements with which we are 
familiar here, and forming them into stars, suns, and planets ; 
but there was another kind of matter which declined to form 
part of these aggregations, which remained by itself, and finally 
put on the appearance of the so-called nebulic. 
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The complete discussion of all observations of comets, nebi 
and stars available in 1877 led me to the conclusion which Pro- 
fessor Tait had alrenily sii^eated in the absence of spectroscopic 
evidence ; and the view that the nebuhe may be explained apart 
from any fiery permanent gas, and that we have simply to look- 
to a meteoritic origin to explain both the appearances and tb( 
spectrum was shown to be in accordance with all the kuowi 
facts. 

Dealing with nebula, then, as a whole, it does not 
much to say that we are justified in supposing that they maj 
advance towards condensation along two perfectly distinct 
If we consider a regular spiral nebula, like the one in Andi 
meda, or a planetaiy nebula, we luay imagine them living their 
life as nebuhe without very much disturbance; there is not 
much fighting to be done, they progress in orderly fashion to- 
wards the condition of complete condensation at the centre. 

But there is auother way. 

In the nebula of Orion we get absolute absence of anythinj 
like regularity. In any part where the structure can 
studied, we find it consists of whirls and streams crossing eadh' 
other, some of them straight, some of them curved, the whol 
thing an irregular complicated mixture of divergent movements,: 
so far as the photographs, wiiich are absolutely vmtouched, can 
give us any idea of what is going on. Take, for instance, the 
magnificent streamer trending upwards. It gradually becomes 
brighter until it reaches one of the brightest parts of the nebula 
and observe, also, the stars which seem dotted over it 
shield. It is quite obvious that we cannot, in such a structi 
as that, expect to get the same conditions that we met with in 
the nebula of Andromeda, and in the planetary nebula;. And, in 
fact, we do not. In this nebula, which speaks of disturbance 
in every inch of it, we have considerable differences in tha. 
spectroscopic indications. Carbon is replaced by hydrogen andi 
helium. In such a nebula as this, it is impossible for us to^ 
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pick out the place of condensation ; tlie condensation may be 
held to be anywhere, for disturbances are obviously everywhere. 
And we must remember that the part of the nebula ordinarily 
seen ia but the brightest part of a uehula extending over a space in 
the surrounding neighbourhood, which recent research shows i» 
scarcely limited to the constellation itself. 

The ailments I chiefly employed to prove the connection be- 
tween stars and iiehulie was the great similarity of the spectra 
of nebulie and of the bright-line stars ; the relationships between 
the spectra of comets and nebulie ; the evidences of a i-elatively 
low temperature in the latter, and the wave-length and appear- 
ance of the chief nebula line. 

Shortly after I brought this evidence together photography 
came to our aid, and I am so fortunate as now to be able to 
prove the truth of my position by many appeals to Nature her- 
self ; that is, I can now refer for demonstration, not only to 
spectroscopic evidence, but to autobiographical records with 
which the heavens themselves have supplied us. I need only 
refer to one instance in this place. Among the finest and most 
wonderful of the nebulte is one which, unfortunately, we do not 
see liere, because it is in the southern hemisphere ; it is that sur- 
rounding the star 9j in a brilliant constellation, Argo, which it 
i9 quite worth while to go south to see, were there no other 
reasons. From the photograph we see that there is auch an inti- 
mate connection, such an obvious relation, between star and 
nebula, that it is impossible for us to imagine for one moment 
that they are not most closely and intimately connected. 

The discussion of all the observations available from these 
and otlier points of view which need not bo detailed hero 
showed, beyond all question, that there was no real ground for 
supposing a great difference between the nebula; and the stars. 
In the year 1887, after testing the views on this question by an 
appeal to all the available observations, I stated that the facts 
taken in all their generality showed that the nebulte simply 
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Hebols round t/ Argus (Dr. UUI). 



represent early stages of evolution ; that is to say, that we have 
continuous and orderly progression from the nebulas to the 
oldest star, and that the nebuhe represent the first stage, and 
the oldest star or planetrepresents the last. It seemed to be per- 
fectly dear from the discussion that we were justified in stating 
that every nebula which is visible now will some time or other, 
owing to the condensation of its various parts, become a star of 
some order or another ; and that it is equally true to say that 
every star which we see now in the heavens, knowing it to be a 
star, has really been a nebula at some time or another. 

It was the discussion of the cometary phenomena which indi- 
cated that the beginnings of nebulie consist in meteoritic 
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swarms, and indeed the complete inquiry showed that theee 
raeteoritic particles might account equally well, aa Professor 
Tait had suggested, both for the luminosity of comets and of 
nebulee. 



How THE New View has rAHEU. 

How, then, has the new hj^pothesis fared with regard to this 
point ? I am glad to say that among the first to accept the new 
evidence, proving that nebulfe are really early stages of evolu- 
tion of stars, was Dr. Huggins himself, the observer whose 
directly opposed statement I have quoted. He sajs now not 
only that these bodies may represent early forms, but he places 
them in the line of evolution where I had placed them. His 
exact words are as follows : — 

" It may be that they represent an early stage in the evolntionaty 
changes of the heavenly bodies." .... 

" These bodies may stand at or near the tieginning of the evolutionary 
cycle, ao far as we can know it. They consist probably of a gas at & high 
temperature and very ■tenuous."' 

He even adduces the same evidence which I had brought 
forward in several of the aiguments wliich I had employed. 
Dr. Huggins made a reference to this question as President of 
the British Association in the year 1891. That part oE his 
address is really an argument in favour of the views that I have 
been insisting upon since 1886, and his agreement seems all the 
more important, since Dr. Huggins appears to have arrived at 
these conclusions quite independently. Not one word is said 
throughout the address of any arguments which I had used, 
or of any line of thought or observation on wliich I had 
founded the various statements which I had made ; and, there- 
fore, it would be charitable to suppose that he was unacquainted 
with my work when that address was given to the world. J 
think I am quite justified in drawing general attention to this 
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very extraordinary change of opinion ; so extraordinary, indeed, 
was it that it is clear that Dr. Huggins felt that it was of 
importance to liimaelf that the change should be explained ; 
and he confesses in the address to which I refer tliat the com- 
munication he made to the Royal Society in 1864 was not 
entirely founded on scientific evidence, but partly made under, 
to use his own words, "the undue influence oE theological 
opinions then widely prevalent." 

It is fortunate for that large public which takes an interest in 
scientific matters, that the statements made by men of science — 
on which statements it is compelled to rely, and on which it 
builds its views of the universe and all it contains — are not, as 
n nile, thus unduly influenced by prevalent theological opinions, 

I do not think I am going too far in stating, that this funda- 
mental point of the meteoritic Iiypotheflis is now conceded od 
all hands ; indeed, it has arrived at that interesting stage in 
which the only objection urged against it is that it is not new. 

The more one knows of the history of human thought, espe- 
cially during the last three centuries, the more important does 
this new acknowledgment of the working of evolution seem. 
Indeed, it is one of the most important truths established during 
the present centnry. 
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The Fibst Spectkoscopic Kesolts. 

So far, then, we have found that there is now a common 
agreement that nebulEe represent early forms in the evolution of 
the heavenly bodies. 

It becomes important to point out that some of the first 
statements made on spectroscopic evidence regarding their 
chemistry must now be withdrawn as completely as those 
relating to their ri^hitiou to the other bodies composing the 



Dr. Huggins' view as to their chemical constitution was that 
they were mainly, or to a large extent, composed of nitrogen. 
This idea was based upon his measurement of the chief line in 
the nebular spectrum. When nitrogen is observed by means of 
a spectroscope, a double line is seen very nearly coincident with 
the line of the nebulae. Dr. Huggins thought that the chief 
nebular line was exactly coincident with one constituent line of 
the double line o£ nitrogen, and, because there was apparently 
no line in the nebular spectrum corresponding with the other, 
he thought, also, that the nitrogen might not be nitrogen like 
that with which we are familiar, but an unknown form of it. 

He wrote : — 

" The speculation presents itself, whether the occurrence of this ODA 

e only in the nebula maj not indicate & form of matter more element- 



1 



HS THE SUN'S PLACE IN NATURE. [( 

ary than nitrogen, and whicL our analysis bae noL yet enabled 

There was no doubt from the beginning that the other line was 
a line of hydrogen, although there was some slight douht as to 
whether the hydrogen in the nebulie behaved exactly like 
hydrogen on the earth. 

When I undertook the general discussion of all existing 
apectroscopie observations of the nebulfe in 1887, I brought 
together the work of others, in the iirst instance ; I made no 
observations myself. After my book was written, however, I 
took steps to make special observations of my own, and I pro- 
pose to refer to these before I go into further details concerning 
the discussion. ^^m 

Special Stddy of the Nebula of Orion. ^H 

The nebula of Orion was selected, and photographs were 
obtained of its spectrum in order that it might he very care- 
fully studied from the point of view of the chemical substajices 
which may be building up this special spectroscopic type. 

The photographs were taken with my 30-inch reflector at 
AVestgate-on-Sea in 1890. The focal length of this telescope 
is about 11 feet, so tliat, neglecting the loss of light due to 
absorption in the case of the refractor, and to reflection in the 
case of the reflector, the brightness of the image formed on the 
slit of the spectroscope by the Westgate telescope is about si,x- 
teen times that of the image formed by the Lick telescope, and 
it is scarcely necessary to add that, having this great illuminat- 
ing power, the collimator of the spectroscope has been designed 
to take full advantage of it.' 

' Froe. Soy. Soc, Sept., 1864, p. 444. 

' The remariB of Professor Keeler (Ati. aad Ait. FA^s., January, 1894, 
p. 61) and Mr, Campbcil (Asf. and dst. PAyj., May, 1894, p. 385), as to the 
relative efficiency of telescopea in regard to the obaerTation of Bpectrum lines, 
eeem to indicate that the matter lias cot been sufficiently thooght out ; but it 




Tio. 29.— TliB Greiit Nebula in Orion, from a long cipoaure photngrapli 
bj Dr. Roberts. 

would appear that Profeaaor Cftinpbell, who has Bucceeded Professor Keder at 
tbe Lick Obaeryntorj, is of the aame opiaioD aa mjsElf, for he writes {Alt. and 
Ant. Pk^i., 1B93, p. 53) : "The 36-iiicli telescope presents oerenil positive dis- 

adrOiiitageB 'ihe ratio of the focal length 19 : 1 is muoh larger than 

exists in aoiall telescopos, and hence the latter would form much brighter 
images on thn a lit plate." 
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A spectroscope by HUger, having one prism of 60° uid 1 
lialf-prisms of 30" was used ; but, in spite of this feeble dispt 

sion, exposures of four hours were required. 

The photographs show a greater number of lines than othfli 
which have been described ; one contains something like fifty 
lines, which have been measured ; but in the attempt to enlarge, 
a great many of these have been left behiud. 

The photographs were taken on February 2, 8, 9, 10, and ^%M 
the fourth with an exposure of three hours. H 

Aa a collimator had not been fitted to the tube of the reflector,' 
the exposure of the plate to the flame of burning magnesium, 
in oi-der to obtain a comparison spectrum, was made by closing 
the mirror cover, and burning magnesium at its exact centre. 
One half of the slit was exposed to the nebula, and the other half 
to the burning magnesium. 

The part of the nebula photographed was the region of the 
trapezium, the brightest part in the accompanying reproduction. 
In some photographs, in consequence of clock irregularities, the 
stars of the trapezium have imprinted their spectra upon the 
plates, but these in no way interfere with the spectrum of the 
nebula, since a longish slit was used, and the spectra of the 
stars are narrow. 

There is a remarkable and almost absolute similarity between 
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the photographs obtained. The beat one, taken on February 10, 
shows all the liae3 of tlie other photographs with others in 
addition, and this has, therefore, been selected for the deter- 
mination of wavo-Iengths. 

The probable mean position of the slit during the three 
hours' exposure of this photograph is shown in the figure, but 
the irregularities in the driving caused all the stars in the 
trapezium to cross the slit at difi'erent times. 

It has not been found possible to reproduce the negative with 
advantage in consequence of its small size, but Fig. 31 gives a 
good idea of the appearance of the eleven principal lines, and 
the position of the stellar spectra on the plate. 

The principal lines are the three ordinarily seen in the visible 
spectrum, the lines of hydrogen at H^, H4, H„ and Hj, and tlie 
strong line in the ultra-violet near X 373. H^ is by far the 
strongest line in the spectrum. The photograph was measured 
with a micrometer reading to O'OOOOl inch. 

VaricUions of the Spectrum in Different Regions. 

Tn observations with a 12-inch mirror in the year, 1889,' " I 
obtained momentary glimpses of many bright lines between H^ , 
and Hy, on October 31." These were also seen by Mr. Fowler, 
and it was observed that, as the slit was swept acros.s the 
nebula, in some parts the Unes were seen together, while in other 
parts first one group and then another made their, appearance. 
In the same paper I referred also to the variations in the same 
Jield of view of some of the lines. These observations were 
made with an enlarged form of pocket spectroscope, with a, dis- 
persion that does not split D. I found that in certain parts of 
the nebula, in the same field, certain lines were knotted, as often 
seen in prominences on and off the sun, and in other parts 
broken ; in the former case, whilst the F line thickened equally 




This was confirmed by Messrs. Fowler and Hiisandall at 
Kensington, with the 10-iuch eq^natorial, on October 31 and 
November 1. 

Ill my own observations in 1891, with the 30-inch reflector 
at Westgate, the variations -were very striking. 

One previously recorded is that of the strong line in the 
ultra-violet neat \ 373, This was the strongest line in the 
photograph taken by Dr. Huggina in March, 1882,' but it was 
not shown in Dr. Draper's photograph taken in the same year.^ 

Dr. Draper wrote : — 

"I have not found the Iihk at 3730, of which he (Dr. Huggins) apeaka, 
though I have other linea which he does not appear to have pliotograplied. 
ThiH Toay be due to the fact that he had placed his slit on a different 
region of the nebula, or to his employmeut of a reflector and Iceland spar 
prism, or to the use of a diflerent sensitive preparation. Nevertheleaa, 
my reference specti-um extends beyond the region in question." 

A later photograph (1889), taken by Dr. Huggins,* did not 
show the line in c[uestion, the sht being placed on a different 



' Froe. Boy. Soc, vol. xxuii, p. 427. 
" Aner. Jo«n. of Science, (3), vol. ii 
* Froc. Soy. Soe., vol. ilvi, p. 41. 
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port of tbe nebula. As already stated, the line is 
strongest in my photographs, tlioogh it is not quite as strong as 
H^ The spectrum photographed by Dr. Hi^ins, in 1889, 
diifercd entirely from those photographed by him in 1882 and 
1SS8, the slit being again placed on a different r^on of tbe 
nebula. 

My own photographs are specially interesting, as they indicate 
diSerences even in the small area of the nebula which is covered 
by the slit during a single exposure. Some of the more im- 
portant variations are indicated iu Fig. 31. Tbe stars, the 
spectra of which are registered ou the plate, will be readily 
identified by a comparison of Figs. 30 and 31, the spectra of the 
trapezium stars being shown at the bottom of the diagram, and 
that of the star G. P. Bond 685 (Herschel's e) at the top. 

It will be seen, for example, that the line near X 495 falls off 
in intensity about the middle of its length, while the lines of 
hydrogen show no such reduction in the same part of the 
nebula. If we first consider the phenomena, in the neighbour- 
hood of the star G. P. Bond 685 (Herachel's €), near the 
trapezium, it will be seen that here the lines 4471 (/) and 4495 
intense. In this region there is also a distortion of 
the two lines at 4471 and 4495 : they are sharply bent towards, 
tbe red end of the spectrum, whilst the other lines remain 
straight. Unfortunately, the spectrum of this star is only 
shown on the photc^raph of February 10, and, in the absence 
of other photographs, it is possible that the displacement of the 
two lines in question may be due to a distortion of tJie gelatine 
film. The displacement of the lines, if real, would indicate a 
velocity of about 200 miles per second, in the line of sighL 
Both lines are brightest where they are most disturbed. 

It will be seen, also, that where the lines of the nebula cross 
the continuous spectrum of the star, they are considerably 
broadened. This is seen in all tbe principal lines from X 373 
to X 495. 
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Where the chief line (500) crosses the spectrum of the star, 

Ftiiere is a decided indication of a reversal. As it approaches 

I the star, the Uae bifurcates and reunites on the other side, 

l.leaving a short dark line where it crosses the spectrum o£ the 

I star, as shown in Fig. 31. This reversal is not seen in the case 

[ of the hydrogen lines, but if it be subsequently confirmed in 

the case of 500, it will be an indication that some of the 

nebuloiia matter lies in front of the star in question (Bond 685 ; 

Herschel e). 

Coming now to the region of the nebula about the stars of 
the trapezium, it will be seen from Tig. 31 that the bright lines 
are considerably widened where they intersect the spectra of 
the trapezium stars. In this case the liydrogen line, at X 4340 
is widened very little on the less refrangible aide, while, on the 
more refrangible side, the widening is nearly as great aa its 
own breadth. Further, on each side of the line there is a 
decided break in the continuous spectrum of the stars, giving 
the appearance of a broad absorption band, with tlie bright 
liydrogen line running through it. This appearance is almost 
exactly reproduced at Hi. 

Dr. Draper' appears to have noticed a peculiarity in the 
hydrogen lines where they crossed the spectra of the trapezium 
stars in his photographs of 1882. He says : — 

"The hydrogen line near G, wave-length 4340, is strong and sharply 
defined ; that at h, wave-length 4101, is more delicate ; and there are 
faint tracea of other lines in the violet. Among these linea there is one 
point of difference, especially well ahown in a photograph where the slit 
-was placed in a north anA south direction across the trapedum ; the H7 
line, X 4340, is of the same length as the slit, and, where it inttraects the 
Bpectruiu of the trapezium stars, a duplication of effect is noticed. If this 
Ib not due to flickering motion in the atmosphere, it would indicate that 
hydrogen gsa was present even between the eye and the trapezium. 

" I think the same is true of the Hs line, X 4101." 
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The line at 500 is only feebly impressed Id the neighbourhood 
of the trapezium stars, and no reversal is visible. 

It is clear, therefore, that the spectrum of the nebula varies 
very considerably in different regions. In otber words its 
chemistry varies in different regions. 



The General Chcmistrt/ of tlie Nebula. 

For this of course we are dependent upon the meaaurenK 
of the wave-lengths of the lines photographed, and in 
measurement it is impossible to give them with an 
greater than that expressed in tenth-metres, that is ten 
liontlis of a millimetre. 

AH the lines thus measured are shown in the table which 
fullowH. lu all, fifty-four linos have been recorded, and, oE 
these, about twenty are seen without difficulty. The remainder 
req^uire a favourable light, but no line has been inserted in the 
table wluch has not been measured several times by two 
observers. The spectrum extends from the ultra-violet to the 
green, and the intensities of the lines on the photographs 
naturally do not correspond to the visual ones ; the I" line, for 
instance, appears stronger than the brightest line in the visible 
spectrum at X 5006. Tlie photographic intensities are recorded 
in the table, six representing the strongest and one the feeblest 
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It wiU be seen from the table, that hydrogen enters largel] 
into the composition of the gases of the nebula. H , H^, Hj, 
H„ and the ultra-violet series, certainly as far as H, (new nota- 
tion),' are all present. 

It is worthy of remark, however, that while, as previously 
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Tablb I. — Lines Photographed in the Spectrum of the Orion Nebula, 

February 10, 1890. 
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length. 
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graphic 
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K line, Solar Spect. 
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Wave- 

Ungth. 
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graphic 
in (entity. 


Probable 
origin. 


Wnle-length 
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Renisrha. 




4715 
473S 
4825 
4S40 
4862 
4897 
4923 
4968 
6007 


9 
9 



i) 
9 

3 


2 

1 
3 
2 
6 

3 

4 
6 


He 
C 

H 
Mg 


4713 -SS 
4737 18 

4861-49 
4922-10 

5007-18 


Hfl 

"Chief" lino 


^^H stated Hy is the strongest line in the whole Bpfcctnm, and H 
^^H Hj, and H, are also strong, the ultra-violet hydrogen lines are 
^^H amongst the weakest. 

^H Next to H^, the line \ 373 is the most intense. In 1887 I 
^^H suggested that this line was one of the members of the triplet 
^^H 8een in the spectrum of burning magnesium. The wave-length 
^^H could not be finally determined, but it was probably near 
^H X 

^^m This value, however, will require correction for motion in the 

^H line of sight If Mr. Heeler's values' for the motion be accepted 

^^B and the earth's orbital velocity be allowed for, the correction 

^^1 will be about 0-22 tenth metre towards the red. This will bring 

^^P the nebular line slightly nearer the least refrangible member of 

^™^ the magnesium triplet. Further measures of pUotographs taken 

with higher dispersion are necessary in order to settle this point 

The lines next in importance to those already mentioned, arc 

near wave-lengths 4471, 4495, and 3868. The first of these 

the strongest between Hp and H , is probably the line observed 

by Ur. Copelaud in 188G. With reference to this Hne, I wrote 

as follows in 1889.= 




^ 


< Proc. Ron- See. rol, ilii. I8!)l, p. 400. 

' Ibid.y vol. ilvii, p, 30. J 
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" The observatiouB of Dr. Co|)eland have now, I thiuk, eBtablished the 
identity of the jellow line, in the uebula of Orion at all events, with D". 
In a Jetter to Dr. Copeland I suggested that the line at X 447 was, in all 
probability, Lorenzoni'a / of the chromosphere spectrum, seeing that it 
waa asMtciated both iii the nehula and chromosphere with hydrogen and 
U'. This he believeB to be very probable. The line makes its appear- 
ance in the chromosphere spectrum about 75 times to 100 appearanues of 
H', or the lines of hydrogen." 

I liiive recently diacovereil that the above line is due to the 
cleveite gases, aiiil I have found tlmt all the linea of these gases 
ia the region covered by the photograjih are present, so that the 
existence of these gases in the nebula is as clear as is that of 
hydrogen (see aide, p. 39). 

Only a small proportion of the lines now mapped can be 
ascribed to inetallit; originSj but these, it will be seen, are among 
the chief lines iu the spectra of the elements concerned. The 
table shows that a number of the lines still appear to have no 
terrestrial equivalent, but they are present iu the spectra of 
Other celestial boilies. 



f The Fl.\netaky Nebula. 

We can pass from such a nehitla as that of Orion to the well- 
known planetary nebulie. Almost all the knowledge which we 
have of these nehidte we owe to the laboure of Sir William and 
Sir John Hei-scbel. So far as appearance goes, we have in these 
planetary uebuliu almost to deal with a planet like Jupiter, except 
that we do not see the belts. That is why these bodies are 
called planetary nebiilie; they give ua the idea that we are 
dealing with discs. Among them we pass from a nebula which 
is simply discoidal to others in which we find a very faint disc, 
including a much brighter condensation at the centre. There are 
others iu which we get a very strong condensation towai'ds the 
centre ; there is a very considerable difference in the intensity 
of the light given out as the centre is approached. 

We o\ye most of our present knowledge of the spectra of the 
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pliiui!tiiry nebula; to the lalmura of Professor Campbell of tflH 
Lick Observatory, and to Professor Pickering of Harvard, The 
result of their work goes to show a great similarity between 
the spectra of these bodies and that of the nebula of Orion. 

The Chief Nebulau Line. H 

Haviny yiven an idea of the new researches, I next come tO 
consider the only point which has given rise to discussion. 
Tliis has to do with the origin I assigned to the chief nebula 
line, the wave-length of whicli I took from the old observations 
I had brought together. While Dr. Hliggins had declared for 
nitrogen iu some unknown form, certain observations, full; 
recorded in the Mdcontic ITi/pothesis, had suggested to me 
the line might owe its origin to luaguesium, 

I have already shown how Dr. Huggins in his address 
Pre-sideiit of the British Association had, apparently from quite 
independent inquiry, announced my main contention, namely, 
that there is an evolution of celestial fonns, and that nebulie 
and stars do belong to the same order of celestial bodies, and 
had withdrawn hia earlier statement in the opposite sense as 
having been made partly on theological grounds. 

I am now compelled to add, biit I wish to make my state- 
ment with the itCmost courtesy, that a complete study of the 
literature shows tliat he was quite familiar with my work all 
the time, and that while he thought fit to republish my main 
contention as hia own on the one hand ; on the other he was 
engaged in attempting to throw discredit on my work, and to 
conceal his retreat after the manner of the sepia by a great 
cloud of ink — printer's ink, referring to a minor point 

It will be clear to most people that the moment the main 
contention of a discussion has been accepted it is not neces- 
aary to discuss the arguments, especially the least important 
one, which have led up to it, but this was Dr. Huggins' 
position. 
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^^^^ have stated in the MeleoHlic Rypothcsis the consider- 
able amount of research which was undertaken to ascertain 
the true wave-lengtli of the nebular line, and to account for 
the various curious appearances wliich had been noticed in cou- 
nection with it ; some of these I have agaiit referred to in the 
present chapter, p. 91. 

As a result of all this inquiry I stated that its position in 
the spectrum did 7wt correspond with the line of nitrogen, to 
which element Dr. Huggins ascribed it ; that with the highest 
dispersion I could employ it d'id correspond with a fluting of 
magneaiiun, and that its fluted nature would account for the 
strange appearances to which reference has been made. 

One word before I pass on, I'egarding the difference between 
line and fluted spectra. Line spectra will be familiar to all my 
readera ; they are built up of the images of the slit irregularly 
spaced throughout tlie whole length of the spectrum. The two 
spectra of barium and iron, given in Fig. 33, may be held to 
5 type. 




Besides what we term line spectra, there is another thoroughly 
well -recognised class, whieli we call iiuted spectra, because it 
reminds one of the flutings of a column. In these flutingB, 
instead of the hnes being distributed irregularly, as in the case 
of irou and barium, we get a Imautiful rhythm from one pait 
s the liglit rapidly degrades to another where there is an 
i! '2 
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enhancement of the light, followed by another d 

so on. Indeed, we wot only get main flutings, but we j 

subsidiary tintinga. 

One of the flutings seen in the spectrum of carbon is illua^ 
trated in Fvi. 34. 





:2* of carbon. 



The difference in the api>e^rance of sjiectral lines an^fl 
flutings having been explained, I now go on to atate that t 
luminosity referred to, as seen in the spectrum of magnesium i% 
my experiments at the place of the chief nebular line was a wel 
developed fiutitig, and not a Ihie. I give a photograph of it in 
Fig. 36. 

I have already said that with the greatest dispersion I coul£ 
employ, the place in the sjiectnim of this fluting agreed witii 
that of the chief nebulai' line. 

That, then, was one argument out of a great number i 
favour of the view that the luminosity to wliich the bright 1 
of the nebula was due might really be produced in the nebul 
by magnesium vapour at a low temperature. 

Next, an additional argument for that view was found iu the^ 
fact that almost every observer, including Dr. Huggins liimself, 
had stated that, as seen in the spectrum of a nebula, the line did 
look somewhat different on one side to what it did on the other, 
and references were made to its being more t 
blue side. I had frequently observed myself that the line \ 
dcgiadod to the blue, never to the red, over parts of the nebi 





Fio. 3G. — Spectra of burjima; niagnesiiiiii eompurud n-itli soLir Bpoctcuin. 
(IJ Suu. (2) Mngtie^iiim. 

of Orion wliich were more brilliant than the others: auti at the 
same time that another line, visible at the same time, instead 
of being d^raded to the blue like thia one, was equally eased off 
on both sides (see ante, p. 91), so that the argument was complete 
that the appearances presentetl by the line were not due to any 
instrumental defect, because, in that case, all the lines would 
have behaved in the same abnormal manner. Hence, then, I 
fmmd myself justified in concluding and subsequently stating 

(1) that the position of the magnesium fluting was coincident 
with the line of the nebulae in the apparatus wliich I used, and 

(2) that it resembled it in appearance. 

The question was one of such extreme interest that I spared 
no pains in increasing the dispersion employed, and no care in 
trying to eliminate all instrumental errors. Even a siderostat 
and a firmly supported horizontal telescope were employed to 
get rid of flexure. 

In the end a very much more powerful dispersion than had 
been employed by Dr. Hnggins in his first observations, and 
much more powerful than had been employed by myself in my 
first investigation, was employed. It is as well, however, to 
state that what I wished to do in the first investigations was to 
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'Showing objircl gla«s of liarizontal telesiiope usod with siderostat. 



imderstand aud to clearly follow the observations which had 
been made previously by others ; if, therefore, I had attempted 
to go over the ground in the first instance mth instruments ten 
times more powerful, giving me ten times finer results than my 
predecessors had obtained, it would have been the worst 
possible way to go to work, becaii^e it was essential for me to 
make the necessary comparisons with the old observations 
while not exceeding the instrumental means which bad been 
employed to obtain them. 

The long and short o! my various methods of observation 
was tliat they seemed entirely to confirm the idea which I got 
in the first instance from using telescopes and spectroscopes 
of very much smaller power. That, however, fortunately for 
science, did not satisfy Di". Huggius ; he very wisely appealed 
to the American astronomers, and 1 am glad to say that the 
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skilful observers of the Lick Observatory took up thia work 
witli intereet, anil employed inatrumeiita in the investigation 
more powerful than any 1 poasessed, thus carrying matters a 
st^e further. There were really two distinct bits of work to 
be done; first of all, one wanted the exact position of the 
line in the nebulte, and after Iiaving got its right jiositioo, its 
origin could 1)6 thought out. We wanted also to see what the 
real physical appearance of the line was, i.c., whether it was 
most likely a line or a finting. It is not a little curious to note 
that all the statements whicli had been made suggesting a fluted 
character of the line were at once withdrawn when I referred 
its origin to the magnesium fluting. 

The Lick telescope is one of very considerable power indeed, 
and it ia so solidly built that a very powerful spectroscope can 
be put on one end of it and used under almost the beat posaible 
conditions for determining the position of lines. Still the Lick 
telescope is not the best possible telescope to employ for any 
branch of work connected with nebula?, if the work requires a 
great amount of light, because the longer the telescope, the 
lai^er the image wliich the object-glass gives ; for instance, if 
we are dealing with a nebula one degree in diameter, if our one 
degree is written on a circle mth a radius of 00 feet, it will be 
a very much bigger thing than if on a radius of 10 feet, so we 
get a large image without increasing the light, and therefore ai'e 
spreading the Ught over a very large area. As the slit of the 
spectroscope is a very small thing, all the light which is thrown 
outside the slit is of no use for our spectroscopic observation, so, 
whatever the size of the spectroscope may be, we want to deal 
with the smalleat and brightest possible image in oi-der to get 
the best use out of the apectroacope, and that cannot be done 
with a long focus telescope. However, the important question 
for the American obaervers was to determine tlie exact position 
of the line, and Mr. Keeler soon obtained some veiy interesting 

suits- 
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Fig. 37.— Sornal porilion of r'.- 



J' cordin* to Keeler. 



^^H mon 



Fig. 37 represenls the way in which Dr. Keeler, folluwing iny 
eicample (see Mrtcoriiic Hypothrsin, p. 301), puts his last result- 
The upper part is ti representation of the solar spectrum ; the 
■lumbers represent wave-iengths on Bowland's scale. According 
to Lis latest value the ^rave-length of the nehuhu- line is 
5007"05. He also shows in rehition tt> it the lines of nitrogen 
as well as the fluting of uiagnesiimi, and we see at once tiiat, 
although according to this drawing the magnesium does not 
quite correspond with the line of the nebulae, it is very much 
nearer to it than is either the line of lead or the lines of 
nitrogen. 

The pnlilicatioD of this result u>icessitat«d a fresh investiga- 
tion, to see what the exact facts were when we no longer com- 
pared the nebula with magnesium, bnt compared the magnesium 
^vith tlie solar spectrum, iind, therefore, soi^t the true jwsitiou 
in which to place the magnesium line in relation to the solar 
si>ectruiM- 

Tliis gave me the value 5007"18 ; so tliat the difference was 
brought down to a difference of wave-lengths represented liy a 
motion of live miles per seoond. 

W'iUiout labouring the matter farther, w« can say that tlie 
more the work done on this question, the more and more coin- 
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cident have these lines become, and there ai* some coDsidern- 
tiona which have not yet been taken into account. 

In order to give an idea of the rehitive accuracy which all 
these references to wave-length indicate, let us suppose that we 
are trying to define the position of a place in London on an E. 
and W, line running through Charing Cross. Assuming Dr. 
Keeler's value to lie absolutely true — and I expect it is as near 
the truth as we are likely to get for some time — we wiU suppose 
that it represents the nebular line situated on the statue of 
King Charles at Charing Cross. When Mr. Huggins first 
measured it (1868) he brought it to the East India Docks; Lis 
next attempt (1872-74) brought it to Hammersmith. Dr. 
Keeler's first observation (1889-90) brought it to Albert Gate ; 
his next, in 1891, brought it to St. James's Palace. Subsequent 
work at Kensington, not yet completed, has brought it nearer 
still. 

I trust I shall not be thouyht to be exceeding the bounds of 
decorous criticism when I remark that while Dr. Huggins has 
referred to the " inaccui'aey " of my work in relation to this line, 
which is, apparently, indicated by Dr. Keeler's results, he has 
never pointed out the three times gi«ater inaccuracy of his own, 
for anyone can gather from Dr. Keeler's diagi'am that the 
nearest nitrogen line is three times further removed from the 
position of the nebula line than is the magnesium fluting. 

Nobody believes in the nitrogen constituent of the nebulse 
now ; and I presume Dr. Huggins has withdrawn, in fact, if not 
in words, his statement concerning the coincidence ; for, in his 
address as President of the British Association, in which, aa I 
have already stated, he withdrew his published statement aa to 
the position of the nebulre among the various bodies that people 
space, he remarks : — 

" The progress of science has been greatly retarded by resting importaut 
couctusions upon tLe aitpareut coincidence of single lines in sxtectroacopes' 
of very a mall resolving power." 
An apologia of which everyone will see the propriety. 
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^^^1 I have Teferred to this point someirhat iit length, althoiigK 

^^^B the coinddence with tbe Sating of m^ni*^iuiu is not fimda- . 

^^^1 mental for the estabUahoient of the view which even 'Dim 

^^H Huggios haa now accepl«d, in the way I iuive already stated. ' 

^^H , Many who m, or niher weie, in favour of the view tliat the 

^^H temperature of ndmle is very high, while giving up Dr. 

^^H Hnggins' view of an nnbaown form of nitrogen, have olyecteJ 

^^^1 to my assigning the chief line to magnesium on the ground that 

^^^H it is a low teuiperaiure line, and have suggested that it is a line 

^^^1 sometimes seen in the solar chromosphere. It may be worth 

^^^1 while to remark in tliis place, therefore, that the cleveite gas 

^^^H which accounts for so many lines in the solar chromosphere, has 

^^^H no line near the place. 






Rich Store op New Facts. 



In the previous chapter the chemistry of the nehulffi hns heeii 
dealt with in some detail. It haa become abundantly clear that 
with the facts before U3, now garnered in considerable quantity, 
it is impossible to regard them merely as nsidun, as masses of 
nitrogen and hydrogen. The new wealth of obseiTatJona has 
not only thrown a flood of new light on the ongin of the spec- 
tmm, but has enormously increased the complexity of it. 

I propose in this present chapter, having cleared the chemical 
ground, to see what the probable nature of the nebulae is to 
provide them with such a chemistry. This discussion will 
enable us to supply a test between the two rival hypothesea, 
one that the hght of the nebulre is due merely to incandescent 
permanent gases taken at random, the other that it is produced 
by the colUsion of meteorites. 

In my first attempt to discuss the spectroscopic results, the 
facts I had at my disposal were very few, sixteen lines only had 
been recorded {Mdeoritic Hypothesis, p. 287), whereas now I 
have obtained fifty-four lines in one photograph ! In the first 
instance, I had to examine into the vahdity of Professor Tail's 
suggestion by referring to hydrogen, carbon, and m^nesium. 
With regard to the latter substance I may remind my readers 
that, after studying all the nebula observations which I could 
lay my hands on, I went on to observe and to experiment 
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myself. Meteoritic dust was scattered along the capillary in 
a hurizontal spectrum tube eomieeted with a Sprengel aii'-pump, 
80 that an electric spark could be passed through the dust ; 
an image of the end-on capillary was formed by meaus of a 
lens on the slit of the spectroscope, and an airaugement 
for an ordinary electric spark in air served for a comparison 
specti'imi. The point was to see whether there was any proba- 
bihty that I'rofessor Tait's suggestion was right, b)' examining 
the spectrum of meteoritic dust. 

What I found was that in the spectrum of dust from several 
meteorites so examined, there was a line very near the position 
which had been stated by Dr. Huggins to represent the actual 
position of the chief line seen in the spectrum of the nebuhe. 
That line I was able to trace home by comparative work, not to 
nitrogen, hut to olivine, a substance which occurs in almost all 
meteorites even in iron meteorit«s ; and not ouly to olivine, but 
to one of the constituents of it, which is magneaium. 

But magnesium now is not 'the only metallic substance we 
can consider, for, in the previous chapter, I have shown that 
calcium, hon, and other metallic lines are now at our disposal 

It has long been known that all meteorites give off hydrogen 
and cai'bon compounds when heated, and Professor Eamsay 
states that he has recently detected cleveite gas given off in the 
same way.* It is equally well known that iron, calcium, and 
magnesium are among the most important metallic constituenta. 

At the outset, therefore, an important advance was made, 
since on tlie new hj'pothesis, the spectrum of the nebulfe must 
be built up by lines and llutings of the gases and vapours given 
off by meteorites when heated by collisions, ^^M 

The Cokditions to be Studied. ^| 

The iirst point in the discussion, therefore, is to consider 
not what is happening in the nebulffi, but what must happen in 
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a laboratory wlien iceteoritea and the substances tbUy contain 
are exposed to various temperatures ; this will enable us to 
consider what will happen to them when they are heated by 
collisions. 

Now, obviously the first things to be given off by meteorites 
heated by collisions, and to remain visible longest, are the ptr- 
'nmncnt gases which they contain ; metallic vapours then pro- 
duced would, of course, soon condense and become invisible on 
this ground alone. Hence we should expect hydrogen, the 
cleveite gases, and carbon compounds to be represented in the 
spectrum. 

This will be true for collisions generally provided the tem- 
perature produced by them is sufficient to compel the meteorites 
to give out their " occluded " gases. When once out they may 
remain incandescent by virtue of their temperature, or even 
electric excitation may be postulated to render or keep them 
luminous. 

If one grant electrical excitation, a temperature low enough 
to expel the occluded gases may be sufficient to produce the 
luminosity of the permanent gases. 

But to study which metallic lines we are to expect, we must 
particularise somewhat; there must be under the conditions 
assumed collisions and collisions. In the laboratory, flame, arc, 
and spark spectra of metallic substances are recognised in the 
above order of increasing temperature, and it is obvious that 
collisions, from grazes only to end-on encounters, with the diffe- 
rent heat conditions, must give us different spectra. 

This premised, let ua next pass to the conditions present in a 
nebula on the meteoritic hypothesis. 

In order to make tlie distinction perfectly clear between the 
metallic lines in the possible sources of nebula spectrum let me 
ask the reader for one moment to conceive himself in the middle 
of the gigantic battle which is going on, if the hypothesis be 
true, between meteoiitic particles in such a nebula as that of 
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Orion. We have particles rushing together in all possible 
directions, paiticles, no doubt, tlifferent in origin. We shall ex- 
pect, among those millions and billions and trillions of colli- 
aiona, to get a very considerable number of grazes ; and the 
whole point of collisions among physical particles is that, if two 
things go straight at each other, we get an end-on collision, 
which may bo bad for one or both of the bodies concerned ; the 
temperatiu'e under these circumstances is at a maximum. But 
the number of grazes, or near misses, must be Tery much 
greater than the number of end-on collisions ; in such a case as 
we are imagining, there will be an immense number of grazes. 
What will a graze do? It is simply a. slight collision; the 
temperature developed by it will be small ; we shall, therefore, 
- get the production of vapours at a low temperature, and if we 
get any luminous effect at aU, it will be one proper to the 
vapours at low temperature. So that on first principles we 
should expect in such a nebula as the one we are discussing to 
get a very large number of grazes, giving us low temperature 
efi'ects, and a very much smaller number of end-on eollisiona, 
giving u3 very high temperature effects, if the number of col- 
lisions due to this cause is sufficient 'to enable us to detect 
them. 

To summarise : We are justified in assuming that the most 
numerous collisions will be partial ones — grazes — sufficient only 
to produce comparatively slight rises in temperature. The 
metallic lines visible in the nebula spectrum, so far as it is pro- 
duced by tliis cause, will, therefore, depend upon the phenomeiia 
produced in greatest number, and we may hence expect to find 
the low temperature lines of various metallic substances. 

In addition to the large number of partial collisions there may 
be a relatively small number of end-on collisions, producing 
very high temperature, and, so far as this cause is concerned, 
there may be some metallic lines produced which are associated 
with very high temperatures. 
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Hence the bright lines should have tliree origins, namely : — 

*[1) Non-condensable gases driven out oE the meteorites by 
coUisiong generally. 
(2) Low temperature vapours produced by a large number of 
feeble collisions. 

(3) High temperature vapours produced by a small number 
of end- on eollisious. 

Now, what is the truest way of determining the results of 
high temperature in a body such as the nebula of Orion ? This 
is what I said on this point in 1894,' and I liave nothing to 
withdraw : — 

" We want to know what the possible results of the highest tempera- 
ture will be. The natural thing, I think, is M) go to the sun, which is 
pretty hot, and then find out the very hottest place, which we can do by 
meana of our spectroscopes, and then study very carefully, for yeara even, 
the spectroscopic indications in that particularly hottest place of the 
nearest star which we can get at. I hope you will acknowledge that that 
ia a philosophic way of going to work. Thus we are landed in what is 
called the chromosphere of the sun. The upper atmosphere of the sun 
must be cool, but the chromosphere is a thin envelope some 5,000 or 
10,000 miles thick, just outside the photosphere, agreed to he the hottest 
part of the sun within our ken, and therefore any metallic lines which we 
see special to tliat region are called chromoapheric Hues, and they should 
be proper to high temperatures." 

Kecent research has shown that the most prominent metallic 
lines in this region, besides those of hydrogen and the cleveite 
gases, are certain lines seen in the spectrum of calcium, stron- 
tium, iron, manganese, and magnesium. 

Tlie number of these lines in comparison to the number of 
Praunhofer lines is exceedingly restricted, and it may be further 
added that these lines are all enhanced at the temperature of 
the most powerful electric spark we can employ in such 
inquiries. 

From the solar point of view then, the sun being a tiling that 
t better than any of the other stars, because it is so 
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nuar tn us, we are justified iu sayiuy that dealing with known 
substances these lines represent tho spectnun of the liotteat part 
of space about which we can be ubsolutely ceitain. Hence it is 
very interesting to imiuirc whether ur not these lines exist in 
tlie nebuhe as representing high temperature. ^M 



Study of the sew Facts. B 

Such, then, are the phenomena we liave to look for. Next 
let us examine into the facts the new woi'k has brought us. 

I will begin with (1) the non-condensable gases driven out of 
tlie meteorites, tliat is, the lines of those substances which 
occupy the greatest volume (or lai^est area in a section) ; in 
other words, the lines of those substances which are driven 
farthest out from the meteorites and occupy the interspaces, 
where possibly they may be rendered luminous by electricity. 
Chief among these, from laboratory experiments, we should 
expect hydrogen ; next, from the same experiments, we should 
expect gaseous compounds of cavbon, and finally, as the result 
of the latest work, helium and its associated gases. 

The table on pages 95-6 shows that in the nebula of Orion 
we get all the first and last in abundance. In this nebula the 
traces of the compounds of carbon are not so obvious, but, on the 
other hand, in the nebula of Andromeda, ve get them without, 
hydrogen and helium. Taking both nebuhe we get all thri 
then fully represented. 

It ia important to point out here that when, in 1888, ths 
close connection between comets and jielmlte was forced upon 
me by the discussion of the observations, the spectrum of carbon 
had not been announced in the nebul;?, hut I predicted that, if 
the nebulffi were carefully observed, we should find in them 
sooner or later indications of it for the reason that in almost 
every comet which lias been observed, the spectrum of carbon, 
or of some compound of carbon, is the strongest and most 
obvious feature wliich is presented to us. In 1889, i.e., only 
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next year, matters were made very much clearer by tlie dis- 
covery, by Mr. Powler and Mr. Taylor, of the specttmn of carbon 
in the nebula of Andromeda, bo there was a prediction verified, 
and such verification is always a very precious test, since it helps 
us to know whether one is going right or wrong. The discovery 
of carbon undoubtedly strengthened the hj^thesis veiy much. 
Observers are not all of one opinion as to whether the so-called 
" carbon spectrum " so marked a feature in comets is due to 
carbon or a compound of carbon, but this is immaterial for that 
part of the hypothesis now under discussion. 

Next a word with regard to the appearance of the cleveite 
gases. In regard to them we are not yet in the open, too little is 
known about them. If both they and the hydrogen and carbon 
compounds are merely occluded in the stones of the supposed 
meteorites, they may be driven out by relatively low tempera- 
tures, and if they glow in the nebulie, by electricity, we have no 
arguments in favour of a transcendental temperature. 

If, however, we regard another possibdity that hydrogen and 
helium represent primordial states of matter, then undoubtedly 
their presence in the nebulae might indicate a very high tem- 
perature. 

There are some points in favour of this view. Hydrogen and 
the cleveite gases do not extend high in the solar atmosphere, 
as hydrogen was once tliought to do. 

How comes it that these so-called permanent gases cannot 
be traced above the sun's chromosphere ? Do they enter into 
combination at a slight reduction of temperature, and if so, is 
not their appearance both in sun and nebula an indication of 
high temperature after all 1 

There is another matter, as I pointed out in the Meteoritio 
Hypolliesis (p. 388) ; one of the lines of hydrogen (H), in the 
spectrum of o Ceti, seems absent from the spectrum, as if the 
special radiation was absorbed by the calcium vapour of the 
.^ame period ; if this be so then in that star, which I regard as 
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an advanced nebula, the most vividly incandescent hydrogen 
Iieing produced fi-oni the meteorites, and does not exist exclu- 
sively in tlie interspaces. 

I next come to (2) the metallic lines due to the results of 
grazes. 

These are represented in the nebula of Orion by flame lines 
of iron and calcium ; of these calcium is the most secure, as it 
has long been known that the line at 4226 is only seen strongly 
developed at low temperatures, while the hues at H and K are 
only strongly developed at high temperatures. In the so] 
chromosphere the intensities of H and K to 4226 are as 10 to 
in the nebula of Orion they are only as 2 to 1. 

There is also to be mentioned the possible representation 
the chief magnesiiim fluting in the green by the chief nebula 
line at 5007 ; that fluting of magnesium is the lowest tempera- 
ture iniUcation of the existence of the metal. If magnesium 
becomes luminous at all by virtue of its temperature, one of 
the first things revealed to us spectroscopically is the fluting in 
q^uestiou. 

finally we have to deal with (3) the metallic lines, the 
results of end-on collisions. It is here that the evidence is 
almost wanting. We do not, as I have shown, get the enormous 
deyelopment of H and K seen in the solar chromosphere, neither 
_ can tlie high temperature hnes of magnesium or strontium be 
traced. 

The remarkable result of the intjuiry is then to show that 
the requiremeuts of the hypothesis with regard to nebulie are 
met in every point so far considered by the new facts, on the 
assumption that the temperature is not too high. 

That is we certainly find in the spectrum of the nebula of 
Orion, when it is carefully studied, indications of the gases 
which are known to be occluded in meteorites, and which are 
perfectly prepared to come out of them the moment we give 
them the least chance. Then, also, there is the indication 
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the results of an mfiuitelj" great number of grazes in the shape 
of lines of metals wliich we Bee at the temperature of the oxy- 
hydrogen flame, but which we do not see so well, and alone, at 
the temperature of the arc and the spark. 

The tenour of the new evidence bearing on the view that we' 
have to deal with luminosity produced by collisions in a sparse 
meteoric swarm is, I claim, all in my favour. 

If we were dealing with incandescent gas, the incandescent 
gaa ought to leave off suddenly ; but alt round the nebula, as it 
appears in an ordinary telescope, where there appeara to bo 
nothing at all, long exposures bring before ua, as we have seen 
in Fig. 29, other portions just as rich in details, just as exquisite 
in their variety and tone as those ordinarily seen with the naked 
eye. Such a condition as that cannot be brought about by a 
mere homogeneous mass of gas at high temperature, but we 
can explain it quite easily by assuming that in such a nebula 
as that we are dealing with, the luminosity is brought abo u by 
disturbances, these disturbances giving rise to collisions among 
the particles which are apt to collide and give out luminosity. 
Tlie nearer they are to the centre of gravity of the swarm, the 
greater will be their chance of collision, and the greater will he 
the luminosity in the central portions. 

All the arguments tend to show, therefore, that we are not 
dealing with gas, but with masses of matter in certain regions 
of which, in consequence of general action, there is greater 
luminosity given off by the particles of which the nebulfe are 
composed; in other regions where there is less action, we have 
lower temperature and less light. 

It is only right that I should state that when my book was 
written I had not sufficiently thought out the collision condi- 
tions, which it now turns out supply us with such a rigid teat 
to apply to the hypothesis. 

"When the series of lines which were supposed to be asso- 
ciated witli high temperatures wiis lirst recorded in the 
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spectrmn of the uebulse, I stated tliat possibly this might Ije 
ttue to the fact that in regions of apace whSre the pressure may 
be held to be extremely low, we might be in the presence of 
chemioal forma unfamiliar to us here, because all we know of 
them apectroscopically here is the result of considerable tem- 
perature, and not very low pressure. It was tlierefore suggested 
that these lines might represent to us the action of unfamiliar 
conditions in space. If we have a compound chemical sub- 
stance, and increase its temperature sufQciently, it is dissociated; 
hut imagine a condition of things in which we have that same 
chemical substance for a long time exposed to the lowest possible 
pressure. Is it possible that that substance will ever get pulled 
to bits ? If BO, we may imagine parts of space which will con- 
tain these substances pulled to bits which really constitute finer 
forms of matter than the chemical substances with which we are 
generally familiar. So that we may possibly expect to get the 
finest possible molecules as distinct entities in the regions where 
the pressure is lowest. These forms are, of course, those we 
should expect to be produced by a very high temperature 
brought on by end-on collisions ; hence the line of thought is 
not greatly changed in both the explanations. 

It must not be forgotten that the mystery is by no means all 
lifted from the region of thought brought before us by these 
considerations. It is perfectly true, as we have seen, that both 
hydrogen and'the cleveite gases may be made to glow at relatively 
low temperatures, and, therefore, since they can exist as gases no 
argument as to the temperature of the uebulie can be deduced 
from the appearance of their bnes in the nebular spectrum. 

I may next remark that a physical structure of the nehulifi, 
other than tliat indicated, would be impossible when once it is 
couceded that they represent early evolutionary forms. 

Astronomers, since the time of Euthei-furd, who was the first 
to deal with stellar classification, have established many dif- 
ferent classes of stars as defined by the chemical substances of 




THE NATUHE OF NEBULA 117 

which their atmospheres seem to be composed, so far as spectro- 
scopic observations enahle us to determine their composition. 
One group of stars is remarkable for the presence of hydrogen 
in enormous quantities ; we assume that because the lines of 
hydrogen are inordinately tliiek. In another we get not so 
much hydrogen, although it is still there ; but the predominant 
substances are iron and calcium. In other stars we get little 
hydrogen, if any, but carbon in enormous quantities ; and, 
again, there are other substances, the quantities of which vary- 
enormously, I refer to helium and its associated gases. Now, 
if stars contain all these different aubataneea, and if they repre- 
sent epochs of evolution — and this point is now conceded — they 
must be produced from something which actually or potentially 
contained these substances ; so that there, again, we get an im- 
portant ai'gument in favour of the chemical complexity of the 
nebulte. 

The more inquiry proceeds the more does the strictest chemi- 
cal similarity between all classes of heavenly bodies make itself 
manifest. 

The presence of carbon, to take an instance, first recognised 
in comets is now recognised both in nebuhe and stars. In some 
stars carbon exists in enormous quantities. Here, then, we are 
in the presence of the fact that the statement that there is an 
enormous chemical diflerence between nehulfe and stars, is 
shown spectroscopically to be unfounded, while the evidence 
also goes to show that there is a close connection between 
nebulte and comets. 

I have already stated that authorities are not all of tlie same 
opinion witli regard to carbon ; some hold that the spectrum is 
produced by carbon vapour, others that it is due to carbon 
compounds ; but the more it is held that it is really due to a 
compound, the lower the temperature of nebuln.' must be. 
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The total result of all this inquii-y has beau to justify the 
etatement I made in 1887, that the mean temperature of the 
phenomena brought before us m nebuhe is distmctly low. This 
result is of extreme interest and importance, because, remember- 
ing what was said about the objection to Laplace's view of high 
temperature gas because it violated tlie laws of thermodynamics, 
we have now, after minute study, come to a conclusion regarding 
the structure of these nebulae, which is quite in harmony with 
the laws of thermodynamics, and the new view is making way. 
We hear no more of a iiner form of nitrogen, and even 
Dr. Huggins has now come to the conclusion that in nebulae we 
have distinctly a relatively low temperature. His change of 
front on this point is as remarkable as on that touching the 
constitution of the nebulic ; and, again, I can claim it as a 
valuable, independent eonlirmation of my views, for he makes 
no reference to them. Even in 1889 Mr. Huggins held that 
" They [the nebulae] consist probably of gas at a high tempem- 
ture ; " but in the address of 1891, to which I have already had 
occasion to refer, he gives this view up, and infers to " the much 
lower mean temperature of the gaseous mass which we should 
expect at so early a stage of condensation" ' 



' " On Kccount of (Jie lorga extent of tlie nebulce, a comporatiTely eamll 
number of luminout molecules or stoma would probably be sufficient to makf 
tlie nebulffi at bright as tbej appear to us. Oa such an aeeumption tbe QTerage 
temperature maj be low, but the iodiTidual partielos, iTliii:h b; their encounters 
ore lummouB, must liaTB motlona corresponding lo a verjr high temperature, and 
is this sense be extremely hot. 

" In such diSuBB masses, from the great mean length of free path, the encoun- 
ters would be rare but comiBpondiiigtj violent, and tend to bring about Tibrs- 
tions of comporatirelj short period, as appears to be the cose if we ma;f judge 
bj the great relatiie brightness of the more refrangible lines of the nebukr 

" Such a Tiew may perhaps reconcile the high temperature which the nebular 
Bpectrum undoubtedly suggests with the much lower mean temperature of the 
gateous mass, which we should eipeet at so early a stage of condensation, i 
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^^^K I am also glad to say that Dr. Keeler is also perfectly pre- 

* pared to accept the view I have heen insisting on.' So that, it' 

the opinion of astronomers of repute is worth anything, we do 

seem to have arrived at very solid ground indeed on this point, 

so far as as a consensus of opinion can make any ground Bolid, 

It is, then, generaUy conceded that the first stage in the 
development of cosmical bodies is not a hot gas, but a swarm of 
cold meteorites. Trom the point of view of evolution, keeping 
well in touch with the laws of thermodynamics, the nebula' 
mnst begin cool if they are to develop into hot stars. 

To sum up, it may be said that the new work strengthens the 
hypothesis in showing that, whether the spectroscopic pheno- 
mena of the nebulre are produced by the collisions of cool 
meteorites or not, cool meteorites, under the conditions postu- 
lated, would certainly produce them. 



we UGume b, tbt; enormoua maeB | or Lhat the matter coming together liad pre- 
Tionelj considerable motion, or considerable molecular agitation," — " Buggias 
Addrees," Cardiff, I39I, p. 2]. 

' Fuh. Lick Observatory, vol. iii. 1894, p. 225. 
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The Bkiciit-like Stahs. 



"We come now to the third new point of view. Many 

parent stars, which have br^ht lines in their spectra, are really 
centres of nehulfe, i.e., of meteoritic Bwarms. 

The asaociation of the nebulae with the bright-line stare 
I think, first gu^ested by me in 1887.' 

In the above very simple statement we have perhaps the 
very greatest and the most fundamental change which has been 
Buggeated by the new hypothesis. I am quite certain that all 
conversant with text-books of astronomy will be perfectly 
familiar witli the statement that all stars are distant snns, I 
have written that myself several times, but I now know that it 
is not true. Some stars, instead of being distant buus like our 
sun, a condensed mass of gas with a crust gradually forming on 
it and a thick atmosphere over it, are simply the brighter 
central condensations of nebulas, whether tliey be like that of 
Andi'omeda, or planetary nebuke, or such a nebula as that of 
Orion. The idea is perfectly new and completely different 
from the old one, which taught that all stars were aims. 

Associated with this view we have the statement that stars 
with bright lines are closely associated wtth nebulre, as evi- 
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deuced by their spectra. There is one method which enables 
us to compare the bright lines in stars like 7 CassiopeiiB with 
the nebulEC, as it gives us . an opportunity of determining 
whether or not the bright lines seen in the so-called bright- 
line stars are or are not the same as the bright lines seen in 
nebulte. In my first inquiry' in this direction, which consisted 
of a statistical statement of the number of times certain lines 
were seen in the spectra both of nebuhe and of bright-line stars, 
the observations were so few at tliat time that only nine lines 
were found to be coincident. 

There were seven in the nebulae not in the stars, and six in 
the stars not in the nebulie, only twenty-two lines in all to deal 
with! 

The harvest of facts is much more abundant now. 

So far as the planetary nebulie are concerned, this grouping 
has been abundantly confinned by Professor Pickering's work 
on the brigbt-Une stars, and by the visual observations of 
Professor Keeler. 

Professor Pickering, who is one of our very highest author- 
ities in all these matters, having tabulated a much larger 
number of lines, accepted at once the grouping together of 
stars having bright lines in their spectra with the nebulie. 

He wrote in 1891':— 

" Owing to the similarity of the spectra of the planetary uebul« aud 
the bright-line Btara, they may be conveniently united in a fifth type." 

It is clear then, that in this particular, Professor Pickering 
accepts my view. 

Mr. Keeler also confirms the view. He writes' : — 

" The apectra of the nuclei of the planetary nebulie liave a remarkable 
resemblance to the Wolf-Rayet and other biiglit-line etaia. . . . Tlie 
IP line appears in the central condensation of a number ot bright nebula;, 



™. Boy. Soc, Tol. ilvii, p. 38. 

!. Nach., 3025, 1891. 

or.Aal. Soc. Pacijic, vol. ii, No. II, NorembcrSl), lSi)0. 
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aud with sufficient liglit would jjiobably be seeu iu many of them, and 
this line ia also predoniinaDt in moat of the bright-line stars." 

This coufirmatory evidence, it will be seen, deals alone ■with 
the planetary nehulie. It became neceasary, in order to be 
able to apply further testa, to study the relationship with other 
nebiilBB as well, and that ia why while Pickering and Keeler 
were working iu America on the planetary nebula, 1 de- 
termined to attack the nebula of Orion. 

I now proceed to show that the relationship indicated be- 
tween the planetary nebuh-e and bright-line stars also holds 
good for such a nebula as that of Orion. 

The bright luies seen in the visual spectra of the two classes 
of nebulre have long been known tu he identical, and a com- 
parison of the Westgate photographs with the residts obtained 
by Professor Pickering, and the more recent work of Gothard,' 
and of Professor Campbell, at the Lick Observatory, on the 
spectra of the planetary nebulie,' has shown that the simi- 
larity also extends to the photograpliic region. 

The fact that some of the Orion nebula lines were ap- 
parently coinciiient with lines in the bright-hne stars, was 
recognized at an early stage in the reduction of the "Westgate 
photographs, aud in the preliminary note I wrote as follows : — 



e of the chief lines are apparently 
made with reserve, with the chief 

: photograph of which I owe to the 
one of the Henry Draper Memorial 



" It ia a very Btriking fact that son 
coincident, although the statement if 
bright lines in P Cygni, a magnificen 
kindness of Professor Pickering ; it ii 
photographs." 

The bright hnes here referred to were those of hydrogen, 
aud lines at 4025 and 4471. (These hnes we now know to 
be due to the cleveite gases.) All these have since been 
photographed at Kensington, in the spectrum of P Cygni, and 
there is no longer any doubt as to their identity with bright i 
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lines in the nebula. Additional Itright linea in the spectrum 
of P Cygni, photographed at Kenaington, are also seen in the 
nebula, as shown in the following table : — 



Orion Nehuli. 


P Cjgni (EBiuington). 


3968-7 


3968 -7 H, 




4015 ■? 


4025-7 


4026-7 






4101 -8 


4101 '8 Ej 




4147-7 


4340-6 


4340 'SHv 


4471-8 


4471-8 


4716 -S 


4715 -e 




4841-0 


4863 '0 


4862 -OHfl 


4923-9 


4933-9 



The following table showa in a complete form the details of 
the coincidences of the lines in the spectrum of the Westgate 
photograph of the Orion nebula with those of planetary nebulse 
and bright-line stars, as given by Pickering and Campbell, 
Only those lines of the nebula which show coincidences are 
included in this table, but the spectra of the planetary 
nebulfe and bright-line stars are tabulated in full.* 

It will be seen that all the lines of tbe planetary nebulie, 
photographed by Pickering, appear in tiie Orion nebula, while of 
the twenty lines photographeci by Campbell, twelve are present. 
Of fifteen lines in the spectra of the bright-line stars, eleven 
appear iu the nebula. It must, however, be stated that the 
dispersion of the Orion nebula photograph is too small to allow 
of very accurate meaeurement.' 



' Profesaor Pitkering liae bePD good enough, to fumiali mc with glaaa copifle of 
liu beautiful photographa of tho spectra of some of tlio brigbt-lmo stars. Tbc 
positiona o( the various lines wbil^1l he gives are io the main coollrmed b; the 
aew measures which haTe been made at Kensington, 
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(Bo«Und'« 


"^^ 


FknetaiT 


Man, 

TypeL 

{Pickering.) 


Brieht-lme 


Bright-lini^ 

BtWS, 






MU.-6 


•cilr.) 


DBbUto. 

(HckCTiog.) 


(Pickering.) 


(Picker- 
ing) 




aS6S'7(4) 


3867-8 












S887 -7 (*) 


388B 


388 


389 










swa-yji) 






393 




395 






8968 -T (3) 


3969 


397 


398 


397 








*U25-7(S) 


40aB 




4C8 


402 








4067-7(2) 


4067 




4ne 


4U6 


407 






4101 -8 (6) 


4102 


410 


410 


410 








4120-8 (1) 










413 






4W1-6 (1) 






4S0 


420 


421 






4U0-6 (6) 


4341 


434 


434 


434 


434 








4363-4 














4389-7(2) 


4390 














«M-7(2> 










443 







4471 -8 (4) 


4478-S 


447 




417 


1 


■ 












451 


451 1 


■ 










4U 


453 


456 ■ 


H 






4574 














_ 


4595 
















4fil0 
















4631-40 




463 


464 


464 








4663 
















468G-8 




400 


4t9 








4715 -9 (2) 


4714-0 


470 














4743 














48«a-0(6) 


4862 


486 


486 


486 








4868-0(4) 


4SG8 








1 






S0OT-M5) 


5007 


501 






i 
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^^m But even more fortunate than this is the fact that Professor 


^^M Campbell has more receutly made a most important and 


^^H laboriooB study of these stars st the lick Observatory, and 


^^^1 has oheerred all the lines in the spectra of a much greater 


^^H number of st&rs than was available when I began the inquiry ; 


^^H his measurements are very much more accm'ate than any 


^^B that wei^ then at my dispoeaL What happens when we come 


^^r to deal with his results > The thing is a thousand times more 


convincing than it ever was. When we take Campbell's list» 


we get very many more coincidences than we had when we 


^^m dealt with Pickering's. So that, the hirther we go in this "(^^H 
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quiry, the greater is the number of coincidences. In the first 
inijuiiy there were nine coincidences observed ; now we get 
nineteen coincidences out of thirty-three,' or twenty- two out 
of thirty-three if one includes the planetary nebulffi, hence the 
number of coincidencea is increased by seven. We are, there- 
fore, justified in saying that tJie more these phenomena are 
observed, the more closely associated are tliey seen to be. 

Such ia the kind of evidence on which we have been com- 
pelled to rely to answer the question : Is there any chemical 
relationship, and therefore physical relationship, between the 
bright-line stars and the nebula of Orion ? It is obvious that 
the evidence is very strongly in favour of an affirmative state- 
ment. 

The Origin of the Spectkal Diffeeences between Nebulae 

AND BfilGHT-LlNE StAES. 

There are some detailed points which are well worth con- 
sideration ; for although on the hypothesis that these stars are 
really condensing nebulse, the lines seen in the spectra should, 
in the main, resemble those wliich appear in nebulie ; they will 
differ for two reasons : — 

(1) Owing to partial condensation of the swarm the hydrogen 
area will be restricted, and the bright lines of hydrogen will 
lose their prominence ; the volume occupied by the carbon 
compounds will be relatively increased, and the brightness of 
the carbon bands will be enhanced. 

(2) On account of the increased nmnber of collisions more 
meteorites will be rendered incandescent, and the continuous 
spectrum will be brighter than in nebuUe, 

Now, what do we find ? 

(a) The hydrogen lilies are decidedly less prominent in the 
bright line stars than in the nebulie. Indeed they were not 
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recorded at all in the eye observations of 7 Argus, Arg.-Oell 
17681, of Wolf and Eayet's second and third stars in Cjgnua7 
but they are shown in Professor Pickering's photographs. 

(b) In my previous discussion of these bodies' 1 
that there was evidence of a very considerable amount of 
carbon radiation in the visible region of the spectrum. Sub- 
sequent work and an examination of Professor Pickering's phol 
graphs have strengthened this view. 

(c) There can be no question as to the continuous speci 
being brighter in bright-line stars than in nebula?. 

Another point of difference is that the chief nebular 
near \ 5007 is not seen in the spectrum of bright-line stars, 
tliis no doubt is due to the relative absence of feeble eolJisioaaas 
condensation goes on. The relative brightening of this line in 
the spectra of Nova Cygni and Nova Auriga; (about which I shall 
write iu a subsequent chapter) as the stars faded away, is sufl- 
cient evidence that it is associated with low temperature, and 
hence it is not surprising to find that it is absent from the 
spectra of the bright-line stars, which on this hypothesis are 
hotter than the nebuhe, since they are more condensed. 

In the bright-hne stars so called we have on the hypothesis 
il with central condensations not perhaps very far advanced 
beyond the stage of the planetary nebula? themselves, and 
this way the almost identity in the spectra is readily explain* 
but there are not wanting evidences in the heavens that 

e oases the condensation has gone much further, in this 
the bright line condition remaining, but it ia no longer supreme. 
We have one case in the Pleiades photographed by Dr. Roberts. 
The photograph indicates that they are not stars ; they are 
nebulis. What we see in the ease of each so-called " star " is 
obvious ; we see the centre of condensation, and more than that, 
it ia not a simple condensation, but there are stream-lines going 



Sub- 

1 








■The PleEalu* (Dr. Roberti). 



in all (lirectiooa, and the maximum luminosity, where we locate 
the " star," ia just at the place where, accoixling to this photo- 
graph, the greatest number of streams cut each other, and 
where, therefore, we should get the greatest poasilile number of 
collisions per second of time, and therefore the highest tempera- 
ture. The main point demonstrated by this photogmph, then, 
is that we are not dealing with stars anything like our sun ; we 
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are simply dealiDg with nebulous condensatdoDs. The spectra of 
the brighter parts of these condensatioos resemble the spectra 
of ordioary stars. Broad dark lines of hydrogeu are represented 
in every one ; hence, although we are dealing not with a star 
like the sun, but a meteoritic condensation — a place of intersec- 
tion of streams of nebulous matter — we get a spectrum such as 
13 generally associated with the spectrum of a star, but the 
bright-line condition is retained, for bright lines have been seen 
superposed on the dark ones. 

The EnDEXCE afforded by the Spiral Nebcue, 

I propose nest to discuss the question whether the long- 
exposure photographs of Dr. Roberts and others justify or 
negative the view, founded upon a large mass of spectroscopic 
evidence, which I put forward in 1887, before any of them had 
been published. 

The view in question was thus stated : — ' 

" The brighter tines in spiral nebuW, and in those in which a rotsl 
has been set up, are in aO probability due to streams of meteorites, with 
irregular motions oat of the main streams in which the colliaioua would 
be almost nil." 

I was careful to state that Professor G, Darwin, when dis- 
cussing the gaseous liypothesia of Laplace, had already pointed 
out that 

" The great mass of the gas ie non -luminous, the luminosity being an 
evidence of condensation along lines of low velocity, according to a weli- 
known hydrodynamical law. From this |)oint of view the small nebula 
may be regarded as a luminous diagram of its own stream-lines."' 

At the time I wrote, in 1887, the nebula in Andromeda was 
not considered to be a spiral nebula. The most striking repre- 
sentation of it was due to Bond, wlio drew special attention 
to two black streaks running nearly parallel to the longer 
diameter. 



liad 



' Froe. Soy. I 



OTember 17, 1887, p. 153. 
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It may also be added that in 1887 we knew nothing for 
certain about its spectrum. 

In 1888 Dr. Isaac Roberts published his moat admirable long- 
exposure photographs, which at once established the spiral 
nature of the nebula ; and in the same year the complete dis- 
cussion of the spectroscopic observations raa<le up to that 
time led me to predict that if the nebulie were carefully 
observed we should find in them, sooner or later, indications of 
the substance which makes the coniet spectrum so very distinct 
and special. In 1889, that is in the next year, the spectrum of 
carbon was discovered by Mr. Fowler and Mr. Ttiylor in the 
nebula of Andromeda, 

I will take the photograph first. The plane of movement in 
the spiral system ia so situated that from onr point of apace 
we look at it obliquely ; hence the nebula appeara elliptical. 
Still there is no difficulty in seeing that the various atreams 
round the centre of condensation are all of them of a spiral 
form with certain condensations interspersed here and there 
along them. 

We have a condensation in the prolongation of one of the 
spirals, and there is considerable clustering of apparent stars 
along the stream lines. It is important to indicate that we 
have in these appearances not signs which tell us of the exist- 
ence of matter merely — so that when we have not the appear- 
ances we would be justified in supposing that there was no 
matter — but an indication of moveinejii in matter, so that we 
may imagine that this nebula and others like it do probably 
consist of something extending enormously in space beyoJid 
the indications which we see, for the reason that near the 
centre the movements are more violent than they are towards 
the outside. We are there face to face with the idea that we 
have to deal with orderly movements. If the movements are 
orderly, it means that the movements of the constituent p 
of the Gworm, all of them, or most of them, will be in the a 
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direction ; in that case we have tlie condition of mininmm dis- 
turbance, and therefore the condition of minimum tempei-atiire. 
In short, not only have we regular spirals, but in addition to 
the spiral system there seems to be revealed irregular masses of 
nebula near both ends of the major axis. Where more tliaii 
one stream seems to be contending, the brilliancy is enhanced, 
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and much irr^pilar luminosity is apparent On the other hand, 
in the part of the main nebula moat free from these irregu- 
larities the spirals are almost invisible. 

Next for Uie spectroscopic observations. 

The chief argument urged in favour of the gaseous nature of 
the nebuhe now is the existence of hydr<^en and helium in the 
planetary nebulre and in such a nebula as that of Orion ; the 
unknown form of nitrogen has no longer any votaries. 

But if the spiral nebuloa be gaseous, why do they not give us 
the spectra of hydrogen and helium ? The spectrum of the 
nebula of Andromeda is practically the spectrum of a comet, 
and therefore we are justified in considering it as built up of 
coinetary materials. Now these, as is generally conceded, are 
meteoritic in their natui'e. 

But this is not all the evidence beating upon this question, 
even so far as regards the nebula we are now discussing. Not 
many years ago a new star was observed in the nebula, and the 
difference between the spectra of the new star and of the nebula 
itself was merely the addition of the lines of hydrogen ! On 
the meteoritic hypothesis this is easily explained by an increased 
number of colhsions lasting for a time: on the gaseous hypo- 
thesis an explanation is not so easy. 

If it be f;ranted that we are really deahng with streams of 
meteorites, all the new phenomena revealed to us hy Dr. 
Eoberts' photographs receive a simple and sufficient explana- 
tion, especially the apparent condensations here and there 
which are not condensations of matter necessarily, but loci of 
i^reater disturbances caused by crossing streams. 

The next considerable revelation was obtained from tlie 
photograph taken in 188y, of the spiral nebula — long recog- 
nised as such — in Canes Venatici, certainly one of the most 
wonderful spiral nebuke in the heavens. It is all the more 
striking because this is a nebula which we look down upon ; 
we see it in plan ; we are, so to speik, at the pole of the 
system, so that it is not foreshortened. 




IX.] MANY SO-CALLED STARS ARE NEBULE. 1ST 

There ia no question about the wonderful spirals being con- 
nected with the central condensation and stretching towards it, 
I call attention to the points of condensation along one of tlie 
spiral branches, and where we get the possible intrusion of 
two spirala, one on the other, we see a confused mass of li<;ht. 




Now, if we imagine ourselves dealing there with a mass of 
pure gas, whether it is hydrogen or nitrogen or ammonia — that 
is, a combiuation of both — or any otlier, it would be extremely 
difficult to see why there should be any change of temperature 
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in diSerent parts of that mass ; but the moment we assume 
that we are dealing with cool materials — ^meteoritic dust — we 
see that such a picture as this is important, for the reason not 
that it ahowa us what is there, but because it sliows 03 what 
is going on there, as already pointed out in relation to tJie 
nebula of Andromeda. The bright spots do not represent the 
presence of matter merely, and the dark ones its absence ; but 
the brighter portions represent the intersection of stream lines 
where collision is possible — the intervals those regions where 
collisions are less likely. We can gather from the very con- 
figuration of this system that if all the dust, or meteorites, or 
)nglomerations of particles, whatever they may be, are going 
the same way, there will be a condition in which we shall get a 
minimum of collisions and, therefore, a minimum of tempera- 
ture. If the movements are quite orderly and in the same 
direction, we must not expect to get any very great disturb- 
ance, and, therefore — if these disturbances produce high tem- 
peratures — we shall not expect to get indications of any 
particularly high temperatures. 

The important point is that here we get apparent stars 
arranged along the spirals, and we are here in presence of a 
rera causa of the relation of nebulie to so-called " stars." 

Dr. Eoberts writes as follows : — 

" The photograph shows both nuclei of the nebula to be stellar, sui- 
Toimded bj dense nebuloaitj, and the convolutiona of the spirala in thu 
as in other spiral nebulm are broken up into Btar-like condeuaations with 
nebulofiitf around then). Thoae stars which do not conform to the trend.-i 
of the spirals, have nebulous trails attached to them."' 

Strikingly similar to the above is the photograph of M 74 
Piscium taken by l>r. Koberts in December, 1893; and here, 
again, it is also a q^uestiou of apparent stars. 

" The photograph shows the nebula to be a very perfect spiral, with a 
central stellar nucleus and a, 15 mag. star close to it on the south side. 




nc] MANY SO-CAILED STABS ARE NEBULE. IS^^^^^H 

The convolatiouB of the spiraJ are studded with many stars aiid Btflj--like ^^H 

eion of one of the convolutions, which conveya the idea of some irregnkr ^^^| 
distiu-bing cause having interfered with the regular formation of a part ^^^| 
of that coavohition.'" ^^^| 

In Messier 101 Urss Majoris, which was photographed in ^^| 
May, 1S92, we have another case in which the convolutions are ^^| 
broken up into star-like condensations.' ^^H 

I wish to point out that from the centre of the condensation ^^H 

have no luminosity greater than that of the surrounding sky. ^^H 
In the nebula itself we find exquisite spirals, starting appa- ^^H 
rently from different points, and gradually coming towards the ^^H 


^^l^^^l 




Fio. 42.— Mesiier 74 Pisoium, 1803. 




' Monlhly Notictt. vol. liv, p. 438. ^^^^H 
= Boberts' photographe, p. 89. ^^^^^^^^ 




f IQ. 13. — Spiral nebula, Ueeeier 101 Unce Hnjorii 



centre, and if we look along these spirals we see that the star- 
like masses, toKick viay not ie stars, are in many cases located 
on the spirals, representing apparently minor condensations, 
each itself being probably brighter than the other parts because 
it is more disturbed. 

So much, then, for the autobiogi-aphical records we now 
possess of some of the most perfect spiral nebulEe in Uie 
heavens. 

We see that they all resemble perfect eddies in appearance ; 
the question arises, are they perfect eddies in fact 1 On the 
meteoritic hypothesis they may well be so, for if moving streams 
of meteorites encounter resistance to their motion due to dis- 
turbances by other masses, the sheets of meteorites are bound 
to behave like sheets of water ; in any case, the onus probandi 
lies with those who hold the contrary view. But in these 
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celestial maelstroina there are bound to be smaller eddies ; and, . 
if Swift had had the opportunity of studying Dr. Roberts' 
photographs, a more grandiose image might have replaced that 
in hia well Icnown lines — 

"So iiatiiralistB observe, a, fle& 
Has smaller &eaa that on him prey, 
And these have smaller still to bite 'em, 
And so proceed ad infinitum." 

The question ia well worth asking, not only to enable us to 
explain the photograpliic and spectroscopic phenomena, but also 
because we seem to be in presence of forces which must ulti- 
mately result in a true star v>ith rotation, a concomitant of star 
life which ia not easy to explain, and which Lord Kelvin has 
shown would certainly not be produced by coUisiona of two 
finished cosmical bodies.' 

There is another spiral nebula, however, which may carry us 
a little further along the same line. 

In il 33 Triauguli we have something apparently different 
from those that have preceded ; so much so, tliat Dr. Roberts, 
who till quite recently has remained silent with regard to the 
physical origin of the more regular spirals, has suggested that 
we may here be in presence of meteoritic collisions.' He 
writes : — 

" It will be observed that there are two large, very prominent spiral 
arms, with their respective eitenial curvatures facing north and south, 
and that the curves are approximately symmetrical from tlieir ex Cremities 
to their point of junction at the centre of revolution, where there is a 
nebuloijs star of about tenth magnitude with dense nebulosity surround- 
ing it, and elongated in north and south directions. Involved in this 
nebulosity are three bright stars and several faint nebulous stars ; the 
two arms also are crowded with well-delined stars and faint nebulous 
stars with nebulosity between them ; and it is to the combined effect of 
these that the defined forms of the arms are due. Besides these two 
arms there are subsidiary arms, less well defined, and likewise trending 
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Fig. 44.— M 33 Iriaoguli. 

tcwards the centre of revolution, and we coiiatituted of interrupted 
Btreama of faint stars and nebuloaitj intermingled t«getlier ; many o( the 
stars are nebulous, and many are well detiued but aniBll. Tlie interspaces 
between the convolutions are more or less filled with faint nebulosity, 
having curves, rifts, fields, and lanes, witliout apparent nebulosity in 
them. They are like the interspaces in clouds of smoke, and cannot be 
classified. 

" There are outliers of nebulosity with many small well-deSwed and 
nebulous stars involved in them, and there are also isolated nebulous 
atars on the extreme boundaries of the nebula j but the evidence i» 
strong that they are all related to the nebula. 

" It ia by the study of the photographs, and not by descriptive matter, 
that we can form a tiue conceptiou of the character of this nebula ; from 
wbici) we shall be justified, even now, in drawing some inferences as to 
its formation and further developments. To tliis end I may be permitted 
to suggest the following, 

" We know, with a. reasonable amoimt of certainty, that both nebulous 
and meteoric matters exist in space ; and we also have some evidence 
that bodies iu space have come into collision. 

" From these premises we may infer that this nebula is the result of a 
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Fie. 45.— H 84 Coini 



s colliaioDa of at least three 
LIE, (2) between two nebulffi, 



coUisiou of BOnte kind ; and we can in 
kinds possible, namely, (1) between tn 
(3) between two Bwanna of meteorites. 

" In the case of this nebula, whicli (if any) of the three poasibilitiea 
mentioned seems to us the one most probable to have happened 1 Much 
might he said in favour of each of these suggestions, but I shall not at 
present enter into details, thongh I think we could readily imagine that 
the oolUeion of two swarms of meteorites, moving in opposite directions 
one from the louth following and the other from the north preceding, 
would account for the spiral appearance, the rotatoiy motion, and the 
smashed and scattered state in which the nebula is shown to us upon the 
photographs."' 

It is worth while to point out, in connection with the ai'gu- 
ment in favour o£ the meteoritic nature of spiral nebulse, that 
there ai'e other nebulte representing streams in space, to which 
e to attribute a purely ffaeeous origin. 



' Monthly Notica, vol. Wi, p. 70. 
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This branch of work is so young, that there has not yet b 
time to bring a cmcial teat to bear on these " stellar eondens 
tions" to which reference has been made. If ihey could \ 
shown to he sitort-period variables, then their trice stellar natuTtm 
would he at once negatived. In fact where spectrum analysis is 
impossible of application in consequence of the faintness of 
the stars, variability may help ns to point to which bodies th»« 
faint stars are most akin. 

We have already in two instances obtained important eviJ 
dence on this point. In 1883, Dr. Roberta was good enoughj 




Fia. 46.— Nebula aear 52 (it) Cygni. 



to allow me to enlarge a photograph of the nebula of Orion, i 
which there had been a double exposure. I pointed out t 
Dr. Eoberts that variability in some of the stars was sug) 
gested ; although the exposure was a double one, some 
images were single, and there were invermms in the intensities 
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of the double images. Dr. Eoberts made a minute examination, 
with the following results l— ' 

" On eiaiuination of the dual stellar images on the photograph the 
eye immeilialely detects that ten of them have undergone conaiderahle 
change in brightneaa or magnitude during llie interval of five days which 
elapsed between the two exposures. In three of the ten stars, the bright- 
nesa has increased to the extent of from one-fourt!i to one-third the 
measured diameter of the stellar photo-image, and one star appears on the 
second exposure where none is shown on the first exposure. Six of the 
ten stars have diminished in brightness during the interval to the extent 
of from one-fourth to four-tenths, the measured diameter of the photo- 
iraage." .... 

"I have with due care examined the film of the negative under the 
microscope in order to see it any defect or evidence of defective sensi- 
bility on parts of the film could be traced so as to account for the 
variability in the brightness of the stellar images, but I coidd not find 
any such evidence, and I would of course have repeated the photographic 
experiment if the state of the sky at any time during the past twelve 
months had permitted. Those who possess the necessary telescopic power 
may study by eye observations the variability in these stars, and it ie one 
of the functions of the photographic method to point out where eye ob- 
servations can with advantage be applied in search for special knowledge, 
and these ten stars are now indicated for that purpose." 

The next cases are those afforded by the variability of stars 
in some globular star-clusters recently photographed at Arequipa 
with the 13-inch Boyden telescope. An extraordinary number 
of variable stars was discovered. The Harvard Circular, No. 2," 
states : — 

" At least eighty-seven of the stars in the cluster M 3 (N.G.C. 5272), iu 
Canes Venatici, have been found to be variable, and in some cases the 
change of light amounts to two magnitudes or more. In the cluster M 5 
(N.G.C. 51)04), forty-six variables were found, out of 750 stars examined, 
so that they form about 6 per cent of the whole ; of the 16 stars, con- 
tained in a circle 110" in diameter, six are variable. Smaller numbers 
of variables have been found in other clusters, hut in other cases not a 
single variable has been detected out of the hundreds of stars which have 
been photographed ; the conditions of the search, however, not taking 
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account of long period changes. In general, no variables have been foi 
within about one minute from the centres of the clusters, on account 
the cloaeuesB of tlie Htara, and none arc more tlian ten minutes distant 
from the centres. Some of the newly discovered variables have aliorl 
periods, in some cases of only a few hours. Thus, five photographs of 
N.G.C. 5904, taken at intervals of an hour on Jnly I, 1895, give for the 
magnitude of a star about three minutes of arc preceding the centre of 
the cluster, 14-3, 135, 13-8, 13-9, and 14-3 ; fonr plates, taken at similar 
intervals on August 9, gave the magnitudes 142, 14'G, 14'S, and 150." 

A special investigation has since been made of the variables 
forming part of the cluster M 5 Serpentis, N.G.C. 5904 (A»t. 
Nach., 3354). Forty-five photographs of this cluster have been 
measured by Miss Leiand, and the measures include the greater 
portion of the forty-six variables previously discovered. The 
periods of these variables are in general very short, not exceed- 
ing a few hours. One of these, designated No. 18, which 
follows the centre of the cluster about 6', and is south 5', has a 
probable period of 11 hours 7 minutes 52 seconds, or 0'4638 
The co-ordinatea of the light curve of this variable are 
as follows : — 



>t3| 



Diys. 


M.g. 


Day. 


Mag. 


0-00 


13-50 


0-25 


14-73 


0-05 


13-87 


0-30 


13'73 


0-10 


14'35 


0-3fl 


U'72 


0-15 


14-70 


0-40 


14'fi5 


0'20 


14-72 


0'45 


13-56 



I 



It thus appears tiiat the star remains about minimum biight- 
nes3 during half the period, while the maximum luminosity la 
of relatively short duration ; the decrease in light is rapid, but 
the rate of increase is still more rapid, as it should be. The 
succession of changes does not seem to correspond with those 
of any previously known class of variable stars.' 

Now, since the presence of real nebulous material in some 
star clusters is accepted by many authorities, there seems ground J 

■ Natnre, June 4, 1896. 
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for ascribing the phenomena in tlie nebula of Orion, and in the 
sfar clusters, to the same cause, and in attributing them to mere 
star-like appearances due to collisions. A variability of the 
kind described, extending over a few liours or a few days, is to 
me unthinkable in a " star," properly so-called, that is, a body 
like our sun, and I have no hesitation iu expressing my firm 
convictioa that such variabihty can only be simply and suffi- 
ciently explained by the cause assigned for it by the meteoritic 
hypothesis — a clashing together of streams of meteorites. 

If the evidence that the apparent stars are really denser and 
more disturbed meteoritic swarms is accepted, the view that the 
nebulEB are gaseous must fall to the ground, because the denser 
material of the " stars " must be the same as that which was 
least dense, that is, sparse in the first instance. 

I am glad, finally, to be able to state that Dr. Roberts, to 
whose continuous activity and marvellous skill the world of 
science is so much indebted, in a paper read at the meeting of 
the British Association at Liverpool last year, slated Ids opinion 
that the origin of the various star-like condensations in the 
spiral nebulae is " more probably " meteoiitic thau gaseous in its 
origin. The line of ai^ument which has led him to this con- 
clusion will be gathered from the following brief analysis of his 
conamunication : — 

He draws attention to the remarkable groups, curves, and 
lines of stars tliat are clearly shown upon a photograph of the 
sky in the constellation Auriga, which was taken with an expo- 
sure of the plate during ninety minutes. Some of them are 
constituted of bright stars of nearly equal magnitude ; some 
are of faint stars, also of nearly equal magnitude ; some are of 
both bright and faint stars, and there is much regularity in the 
spacing distance between the stars in the several groups. These 
appearances are persistently found upon all photographs taken 
with long exposures of the plates in any part of the sky where 
rs are numerous, such as Cassiopeia and Argo. 
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" What explanation," lie asks, "can be offered to acconnt for 
the grouping of the stars other thau the assertion that they 
were from tlie beginning so placed ? " He then brings forward 
the evidence furnished by the spiral nebula; similar to that J 
have given above, and which I brought together more than 
two years ^o. 

He then goes on : — 

"I would submit that the evidence, p!irt of which has now been kid 
before us, is reasonablj conclusive that some, if not many, of the stai-s 
which we see in curves and in groups strewn over the sky have been 
formed in the manner which I have pointed out. There are, besides this, 
uther methods of stellar evolution pointed out on other photographs, such 
as condensations into Etars of nebulae which have not, at present, symme- 
trical structures and of globular and annular nebulie. . . . 

" The question will naturally present itself to us : " If it be true that 
stars are evolved from spiral and other forms of nebulosity, whence canie 
the nebulous matter ! We can answer with coulidence that it exists very 
largely and over extensive areas in many parts of the sky ; and that it 
exists there in the form of gas, or, more probably, aa Professor Norman 
Lockyer urges in bis Meteoritic Ili/pothent, of nieterira or meteoritic dust." 

Dr. Roberts' referenoe to my work is very encouraging, since 
there are few workers in science whose researches have so close 
a bearing on the views I have put forward. For my own part I 
feel that the totality of the observations above recorded is all 
highly suggestive of meteoritic action, and, moreover, explains 
the close relation of " stars" and nebulie by showing that the 
former are not formed bodies like our sun ; and I can only, 
in conclusion, express my belief that, before very long, aa 
striking evidence of variability will be found among the stars 
in the spiral nebulie as the Harvard observers have obtained 
from the globular star clusters. 

Eeplies to Objectioxs. ^H 

I next twTo. to some objections which have been raised by 
T)r. Huggins, who apparently does not accept the view now 
completely established by Pickering, Keeler, and Campbell, 





though I confess it pusses my comprehension bow he can fail 
to accept it when he has already accepted the major premise of 
" early evolutionaiy forms." 

The objections have been tfrofokl. First lie denied the 
existence of nebula in connection with some of the " stars " in 
([iiestion, and nest he denied the validity of the evidence 
suggesting the presence of cai-bon bands in their spectiu. 

I take the first objection first. 

Since I hold these " stars " to be merely tlie condensing 
centres of nebtilie, it early occurred to me that possibly by those 
new methods of inquiry to which I have already referred we 
might be enabled to demonstmte the existence of the nebulip, 
although we can never hope to see them by the imaided human 
eye. The idea was suggested that long exposed photogi-aphs 
might give us stars sui-rounded by nebulic. So I wrote to 
Dr. Itoberts, who always Idndly places himself at the disposal 
of any student, and asked him if he would be so good as to 
photograph that region of the heavens in which most of the 
bright-line stars liave been observed. He at once acceded to 
my request, and took photographs, as desii-ed, with his instru- 
ment, giving an exjjosure of three and a quarter hours. The 
result a little disappointed me, because be reported that there 
was no indication whatever of any nebulosity surrounding these 
stars. 

I was content to wait for " more light," but Dr. Huggins, who 
made a similar appeal to Dr. lloberts, with the same result, felt 
himself justified iu objecting to the view whicli associated those 
stars with nebulous surroundings. But that is not the whole 
story. Some time afterwards, at the request of Mr. Espin, 
Dr. Max Wolf, who has an instrument which is even more 
competent to pick up faint nebulie than the wonderful telescope 
employed by Dr. Roberts, also took photographs of this same 
region; and I need not say that, being anxious to caiTy the 
inquiry as far as he could, he made the exposure what we 
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shoulil consider almost impossibly long — ho long, in fact, that 
oue wbfjle nigltt was not sufficient. Hia first pUotograpli of 
this region was exposed for thirteen hours on tliree nights ; the 
next one was exposed for eleven hours. 

The results of 5Iax AVolfs inquiries indicated that Dr. 
Roberts' negative conclusion was probably due to the too great 
focal length of the telescope employed. I give Jlax Wolfs 
results from an American journal.' 

" Dr. Wolf lias pliotojjraphed the same region with hia aliort foeua 
])ortroit leas, and although the exposure wbh too short to bring out an; 
definite fomi, there seems to be no doubt that the Wnlf-Eayel stars, and 
also the bright-line star P Cygni, are directly connected with uebvdoiia 
matter. ConBidering the peculiar type of spectrum which these stars 
poasi'RS, and the fact that they tend to group themselvea in the plane ot 
the Milky Way, this discovery of nebulous appendages must be wgarded 
as of considerable iniporlance." 

Here, then, we have a perfectly independent line of research 
indicating that the objection of Dr. Huggina is not valid, and 
that I was perfectly justified in stating that these bright-line 
stars were associated with nebul;e. The statement first made 
on theoretical gi'ounds is now backed up by exquisite photo- 
graphs, which indicate that most certainly there is a complete 
association of nebulous matter with these stars. 

I must here point out the enormous advantage students of 
science now have in possessing such magnificent photographs as 
these. Not only is the wealth of science rendered obvious, but 
the wealth of nature ; in them we have what modern science 
makes of a little patch of the sky on wluch tiie nated eye sees 
nothing at all. 

In a photograph of the region surrounding the brightest star 
in the constellation Cygnus, we have here and there indications 
of nebulous matter as well as of stara. That ia rendered evi- 
dent by the fact that in certain other regions we get a perfectly 
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dark back-^;roiind, wliilflt iii others the hack-gix)uu(l itself ia 
luiiiinous. In the region in which these hright-line stars have 
been recorded for several years it is almost iiniKissible to point 
out a Isi^e area in which there is not a most obvious indication 
of himinous nebulosity. Patches here and tliere seem to indi- 
cate that the great differentiation between this part of tiie sky 
and others, lies not in the wealth of stars, but in the wealth of 
the luminosity in which they are situated. 

I next take the question of carbon. The spectrum of carbon 
is one which is subject to very great changes wheu examined 
under different experimental conditions, and an acquaintance 
with these variations is essential to an adequate discussion of 
the spectra of the heavenly bodies. 

Everyone knows the considerable development of the spec- 
trum of carbon in most cometary phenomena ; and there is a 
band which Dr. Vogel some years ago attributed to carbon, 
although it does not coincide with the most familiar carbon 
Bpeotrum, that of the Eunsen burner. Dr. Vogel gave his 
s for this allocation, and illustrated them by a diagram' 




■. ■ i . ..I luiiture of lijdrm-iirlioiia and us.v-tarbon obtained 

from iiifti'orilt^, wiUi saiall toil und jar. (2) Spectrum of Comet III, 18S1. 
(3) Spectrum of gasea from mtteorites, witli large coil and jar (Vogel). 

in which it is shown that in the spectrum of the comet, the 
blue Land has its maximum about 470, and fades away nearly 
equally in both directions. If one's knowledge of the carbon 
' FoUdaiu Obitreir/ivM, I8BI, vjl. ii, p. 173. 
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bpectnim were limited to that of the Emisen burner, indicated 
at the bottom of the diagram, the comet band could aiot be 
ascribed to carbon. 

But another spectrum of carbon, obtained by Dr. Vogel 
(given at the top of the diagram), abowa the blue band of 
exactly the same form, and in the same jioaition as that in the 
comet. Hence, Dr. Vogel ai'gued that the blue btmd in the 
comets, though not coinciding with the carbon group at wave- 
length 4737, seen in a IJunsen flame, was still due to carbon. 

When I was discussing the spectrum of the bright-line stars 
in my general survey, a band in very nearly, if not absolutely 
the position of the cometary band, was found recorded. Most 
unfortunately I Iiad completely foi^otten Dr. Vogel's paper of 
1881, and I set to work to study its origin for myself. 

In the course of the previous thirteen years I had taken 
some hundreds of photographs of the spectrum of carbon com- 
pounds under a gi^eat variety of conditions ; and I was driven 
to carbon because one of the most conspicuous features of the 
spectrum of many of the briglit-line stars is a broad blue band, 
a part of which falls within the limits of the group of cai-bon 
tlutings at 4737, which ia seen in the Eunsen, although its 
brighte.'it part in the stellar spectra ia about wave-length 4G8 ; 
that is, some distance further towards the blue than the 
brightest part of the Bunaeu group. Forgetting Vogel's prior 
labours, I looked through my photographa, and found what he 
had found, tliat, under certain conditions, the maximum of the 
baud is shifted, under some conditions of pressure and tem- 
perature, from 4737 to about 4685. One of my photographs, 
taken in December, 1836, is reproduced in Fig. 48, 

The spectrum at the top of Fig. 48 is the spectrum of alcohol 
vapour at a relatively high pressure ; and among the most 
notable differences from the lower pressure spectrum at the 
bottom of the diagram, is the enhancement of the more refran- 
gible part of the group of flutings commencing at 4737. This 
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Fig. 48. — Spectnini of aU-oiiol THpnup. (1) Highest pressure. (3) Intermediate 
presBurt!. (3) Lowest pressure. 

13 still more marked in tlie spectrum at intermediate preasures, 
aa shown in the middle spectrum in Fig. 48. In short, the 
brightest part o£ this group now agrees, very nearly, with the 
blue band of some of tlie bright-line stars. It is very diiScult 
;o estimate the middle of such a broad, diffuse band as that in 
question ; but the wave-length of the brightest part is approxi- 
mately 4085. 

As Dr. Vogel had previously done for comets, I was particu- 
larly careful to point out that the carbon band in the bright- 
line stars was not seen under the same conditions as that in the 
Bunsen flame.' 


1 
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■In 1B88 I wrote: " Tliia band is eviilentlj the bright hand of Mrbon, 

added : " It is nBcessary to state that the maiimum laminoaity of the blua biind 
this band has its mstimum liiminoaitf at 403 in OeisaU'r tubes seem to be thois 
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the baud in both coaieta 



I next append some obBervations 
and bright-line stars : — 
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Obierrer. 
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Winne-'ke. 18G8 AG'^ 
Comet IV. 1873 4«9 
ConiFtlll. ISei 418-S 
Comet HI. 1881 468 
Comet IV. 1881 47U 


VoBfll 
Vogel 
Copetand 
Copland 


|no.3821| 469 
IVo. '1001 463 


Huggini. 



Notwithstanding the difficulty of detenniniug very exactly 
the brightest part of a diffuse band, it will be seen that the 
bands in two of the stars ai-e exactly coincident with bands 
which have been measured by trustworthy observers in three 
comets. In the fifth comet, named above, the variation iu the 
wave-length of the band is not greater than that between two 
individual measures in stars. 

The fact that, so far as I know, this explanation, the whole 
credit of which is due to Dr. Vogel, has never been called in 
question in relation to comets, would indicate that it may be 
equally unobjectionable in the case of the bright-line stars. 

But there was more evidence behind with regard to the other 
carbon flutings. 

The spectrum of carbon dues not consist of the blue band 
alone, so that some account must be rendered of the other parts 
of the carbon spectrum, more especially of two groups of Hutings 
in the green. We should not expect the green flutings to be so 
easily visible as the blue in stars, for the reason that they fall 
in the brightest part of the continuous spectrum; while iu 
comets where tliere is little continuous spectrum, they are the 
most conspicuous bands. 

In the star BD + 36° 3956, for example, Vogel's observa- 
tions gave indications of the two green bauds which are seen in 
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the spectra o£ carbon compounds, and are the chief charac- 
teristics of the spectra of comets at mean distances from the 
sun. 

It was in 1890 that Dr. and Mrs. Huggins fonnulated objec- 
tions, based on some new measures, to my view as to the 
probable carbon origin of the blue band in the liright-line stars. 

Thus, in two cases they found, as Vogel had found before 
them, that the brightest Imnd was still more refrangible than 
the brightest part of the modified carbon band ; but in each of 
these cases they found, also, a band about the position of 4-685. 

As a result of their work, they made the following state- 
ment : — ' 

"Our obaervatioDB appear t« us, however, to be concluaive im the main 
object of our inquiry, uauiely, that the bri^rht blue band in the three 
Wolf-fiayet atars in Cygiius, anJ in DM -|- 37° 3821, is uot coincident 
with THE BLHE BASD OF THE BussBN Flamb." [The Capitals are mine.] 

It will have been seen how carefully Vogel and myself had 
pointed out that it was not a question of the Buusen flame ! 

Ur. and Mrs. Huggins do not admit that the observed varia- 
tions of the band in the carbon spectrum are sufficient to 
explain the position and appearance of the band at 4685 in the 
stars, basing their objections on experimental evidence afforded 
by Haaaelberg. 

Vogel's researclies, as well as my own, on the carbon spec- 
trum, however, indicate a much greater concentration of lumin- 
osity of the band, about 4685, than appears to have been observed 
by Haflselberg, But this is not to be wondered at, since every 
change in the experimental conditions may have an effect on 
the spectrum, 

1 am not aware of any other objection to my view than the 
above, and it will be remarked that Dr. Huggins is silent alto- 
gether in regard to tlie existence of the baud in comets. 

Very fortunately for science, a great mass of new work on 
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this part of the subject liaa been biMmght together since t 
MdeoHlic Sypothesis was published, chief among tlie workers 
being Professor Campbell. 

Let us turn to tliis new work, therefore, and see in what 
direction it temie. 

We luay take the case of one of the brightest stars of this 
class in Argo, the speeti-um of a star which my fiiend Eeapiglu 
and myself were the first to see on a very hot night in MaJi-as 
in 1871, a beautiful spectrum with many bright lines. Professor 
Campbell in 1893 iuchided the study of tliis bright line star iu 
his work at the Lick Obaen'atory. What is his resiUt with 
regai'd to the baud at 4685 ? He finds a band at 4688.' In my 
firat discussion I took the position of the brightest band as 
4682, depending upon measurements made by Ellery at Mel- 
bourne in 1879. In a more general examination of all the 
Wolf-Eayet stars in 1894,' he finds a band at 4688 to be the 
most constant feature, and in some stars it appears almost alone '. 
This in itseU" would be almost sufficient to prove carbon. 

Professor Campbell does not discuss the origins of the Lines 
and bands wliioh he has measured, but it will be seen that for such 
a iliffuse baud as that in question his wave-leugth 4688 does 
not differ materially from that already given for the modified 
carbon band. 

There is now, therefore, in the light of the newest and beat- 
work, no question about the fact that in the bright line stars 
there is a band at 468, the wave-length of the modified carbon 
band ; and this was my original contention. 

The new measures obtained by Dr. and Mrs. Hoggins. 
therefore, do not affect my views as to the origin of the blue 
band of the bright line stars recorded at places varying between 
i X 469. 

With regard to this band, then, the first conclusion is noi 

' Astronoitty and Astrophysics, 18S3, p. 565. 
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tirmer than ever, strengthened as it ia by Campbell's npw 
work. 

Dr. and Mrs. Huggins object to another point. 

It has ah-eady been remarked tliat Vogel's observations sii;:- 
y;e5ted the presence of the green flutinga in one of th« stars. 

On tliis point Dr. and Mra. Huggins renmrk that, when 
observing the bright line stars with small dispersion, " it might 
easily be supposed that the spectrum is brighter at the position 
of the green carbon band." With high dispersion, howei'er, they 
can see "no sensible brightening" in that part of the siiectnim. 
la the case of another line distinctly seen with small dispersion, 
they remark that with high dispersion it was so indistinct that 
they could not determine whether it was D or D*;' so that tlieir 
observations do not demonstrate the absence of the green fluting 
of carbon. 

Observations made at Kensington strengthen the idea that 
the gi-een flutings are present in the spectra of bright line stars. 
When high dispersion is employed, Hutinga are weakened in 
much greater proportion than lines : so that comparatively 
small dispersion must alone be employed in observations of 
this kind. 

Campbell shows tiiat, while the average position of the 
hrightest blue band in one group of stars is 4688, in anothei- 
group it is 4652. These two bands are frequently associated in 
the same spectram, but occasionally each occurs by itself. 

As to those stars in wliich a band appears about X 465, it h 
quite possible that we may still have to deal with t-arbon. At 
present I am not aware of any experimental evidence; but thf 
possibihty of a band at this wave-length under a. certain still 
untried condition is suggested by the fact that a band about 
this position was observed in Brorsen's comet in 1868 and 
187!). 
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But tlie existence of a baod at 465 surely does not negative 
the existence of a baud at 4685 ! 

The present position of the question of carbon, then, is this. 
The new work of Campbell justities us in associating, not only 
in comet-s, as first suj^ested by Vogel, but in bright line stars, 
as suggested by myself, tbe blue bands at 468 with carbon ; and 
a study of tbe spectra of comets suggests, but does not demon- 
strate, tliat the other band at 465 lias the same origin. The 
feeble appearance of the green bauds is no doubt due to their 
superposition upon the brightest pai't of the continuous 
spectrum. 

Hence the idea of the chemical and physical kinsbip of 
comets, nebulte, and bright hue stars is strengthened. ^H 



Conclusion. ^ 

Finally then I would submit, in bringing this part of the 
inquiry to a conclusion, that all the new observations have 
strengthened the views to which I was led by a study of the 
old ones ; while, on the other hand, the only objections I aia 
aware of broughc against these views have been rendered 
invalid by the progress of the inquiry made by other workers. 

Max Wolf has shown, beyond tdl question, that some of the 
bright line stars are associated with nebula;; Campbell lias 
shown that many bright line stars have a band in their spectra 
agi'eeing in wave-length with a band observed in cometary 
spectra ; while, finally, both Vogel and myself have found that 
this band is in all probability due to carbon. 




CHAPTER X.— DOUBLE SWAKMS. 



The New View of Vaiuables, 



The next part of the inquiry lands us among phenomena 
which so far have been considered to be exceptional. I refer to 
the so-called variable stars. 

If there be any truth in the view we are considering, it will 
be abundantly clear to every one that the light of stars aa they 
pass from the nebulous to the more luminous stage must change 
during the progi'ess of that evolution. But that change will 
not be visible to one generation of men^ probably not to a 
thousand generations of men. It is a change which will require 
millions, and possibly billions, of years for its accomplishment ; 
and, therefore, we must not associate the word " variable " with 
any change wliich depends wholly upon the evolution of these 
various stellar condifcious. But, in addition to that, we can see 
almost in hours, certainly in days, frequently in months, some- 
times in years, changes in the light of certain stars ; and it is 
these short period changes which mark out and define for ua 
the phenomena of variable stars. 

I am not without hope that In future years the explanation 
afforded by the meteoritic hypothesis of the light changes thus 
observed will be acknowledged to be one of the most important 
parts of it. So long as all stars were considered to be bodies like 
the sun, the various kinds of variability observed were hard to 
explain. The grotesqueness of some of the explanations may 
be gathered from the stutement I have formerly given. But 
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the idea that all stars are Twt like the suu, but, on the contra 
may exist in diflerent degrees of condensation of meteoriti| 
swarms, at once opened the door to previously untlreamt' 
possibilities in the causes of light change. 

I wrote iu 1S81':— 

" A possible eaplauatiou of most of the uew aud variable stars is to li 
found in the meteorite theory ; the innumerable components of one gram 
of meteorites colliding with tliose of another group woulU be cMnpeten 
to give out light sufficient to make the whole appear aa a star. 
meteorite gives only a little light, but ths total must be very i 
siilerable." 

Limiting myself here to regular variability, I may, aa I 
reminder, state how it was treated in the meteoritic hypotheii 
The general statement made was as follows^ : — 

" Regular VanabiliCi/. 

" All legiilar variability iu the light of coamicai bodies h caused by 
revolution of one awarm or body round another (or their common ceDl 
of gravity). 

" In the case of the revolution of one swarm round another, 
orbit is assumed, and the increaai^ of the light at maximum is produt 
by collisiuns among the meteorites at periaatroii. 

" In the case of the revolution of a. swarm round a condensed body, 
increase of the liglit at maximum, ia produced by the tidal action set up 
in the secondary awarm. 

"In the case of one condensed body revolving roiuid another, the re- 
duction of the light at minimum is caused by au eclipse of one body l^J 
the other. This can only happen wlien tiie plane of revolution of 
secondary body jiasacH very nearly through the earth.'" 

The great difl'erenees in the phenomena to be expected, then, 
on the hypothesis must depend upon the degree of condensation 
of two bodies ; and there must always be at least tivo hadicn. No 
short period variability can, I hold, take place in one body alone. 
Take a star lilie the sun. It is pretty obvious that any cliange 
in the sun, such as we see it now, would rei^uire a very con- 

' Encyclopadia Sritaaaica, lol. x ti'i, p. 651. 

' Meteoritic Sj/pothssit, p. 476. 

'Ihid. 
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siilerable time for its accomplishiiient, so as to be obviously- 
visible to lis all ; but, if we conaider two bodies like the sun, 
we can imagine a condition of things in which one body would 
come exactly in the line between the earth and the other body, 
and would so eclipse the further one. There we have at once 
the possibility of an eclipse due to the passage of one con- 
densed body in front of another, and, therefore, of a variability 
which depends upon eclipses. So much for two bodies like 
the sun ; but we know that in various parts of celestial space 
some of the stars have run thraugh their life of light, and exist 
as dark bodies. Obviously we should get the same eclipse 
phenomena when dealing with one star like the sun and another 
dark, condensed body, provided always that the dark body came 
and eclipsed the liglit one. That is a very well known and 
accepted cause of variability, and one of the most obvious cases of 
this kind we have in the star Algol, There we have two bodies 
a bright and a dark one. When we come to examine the light 
curve of a body like this we find that the luminosity of the star 
remains constant for some considerable time in relation to the 
period of variability, and then it snddenly decreases. It almost 
at ouce — in an hour or two — goes up again, continues then for 
another period, and suddenly diminishes again, 

Spectroscopically we can inquire into the question as to 
whether there is or is not any physical change connected with 
this. Obviously, if it is merely an eclipse, there should be no 
physical change, and, therefore, no change in the spectrum. 

This has been done by Professor Pickering, who has obtained 
pliotographs of the spectrum of this star when it was most 
luminonB and when it was least luminous, and the spectra of 
these two conditions are quite similar. The broad lines are 
alike ; in other dark lines also there is no change. Therefore 
spectroscopically we are justified in saying that the theory that 
variability is caused in condensed bodies like Algol by e 
is perfectly justified. 
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Exit suppose we consider, not two Imdies like the 
line sun and another hody more condensed and colder than th 
sun, but two not completely condensed meteoritic swarms, 
various pro baliili ties never before considered lie open to 
inquiry. 

We may suppose that round a denser and lai^er one 
one is moving in the orbit represented in Fig, 50. We see 
that for a considerable part of the orbit the smaller swarm 
can perform its movement along the orbit without any ebauc^ 
of running up against any of the constituents of the greater 
Bwarnt ; but when the smaller swarm passes tlirough what is 
called the periastrou point — i.e., the region nearest the centre of 
gravity — which is occupied by the densest portion of the primary 
swarm, it is impossible that it can get through without a con- 
siderable niiniber of collisions between its own constituents and 
the constituents of the major swarm. What will happen ? We 
get light and heat produced, a I'ariable star is bom, which will 
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give the greatest amount of lii^lit when the two swarms are 
closest together. 

■ Fia. 50.— Cause of FUriabilitj in micondenii>(i sivEii'ins. 

■ The iiiinimmii, or least, uiiiouiit of light and. heat radiated 
will occur, not at the time of apastroii passage, as would at 
first be supposed, when the two swaniia are at their greatest 
ilistance from oue another, but some time after the maximum 
depending on the magnitude of the disturbances set up at peri- 
astron passage. 

We can im^iue also that, instead of dealing with a highly 
elliptic orbit, such as imagined in Fig. 50, we may liave one in 
which the maui mass is very much nearer the centre of the 
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iirbitof the aiiiallest awann.that orbit being iiiiKili more circular 
ihftn ill tlie former case. There we get a chance of a uumlier 
of coUiHioua, extejidiug over a greater part of the orbit of tlie 
minor swarm ; but there will not he anythiug like so great a 
difference between the nnmber of collisions at the two ends uf 
tlie major axis of the orbit oa there would have been in the 
first case supposed. 

Ill that way, llierefore, we can explain the variability of these 
nncoudenaed swarms, and not only the variability, but a veiy 
considerable difference in the time occupied by the clianges 
and in the intensity of the greatest light produced. So much 
was that to be anticipated, that I predicted in 1888 that when 
we got uny intlication of stare the specti'a of which showed that 
they were really sparse swarms, such as that depicted on the 
diagram, at the maxiramu of their luminosity we should get 
Tiiight lines, and in all probability bright lines of hydrogen, 
visible in their spectra ; in short, that o Ceti, otherwise Mira, in 
the spectiTim of which Pickering had photographed bright lines 
in 1886, would be a typical, and not a special, case. 

In T/tc Meteoritic Jlifpot/iesis, I brought together a considerable 
number of observations in support of my views, and they liave 
been repeated since, but it is ]iot necessaiy to go into details. 
Indeed, it is recognised thorouglily now that one of the chief 
characteristics of a large class of variables represented by Mira 
is the appearance at the tune of maximum, at the top of the 
light cun'e, of the bright lines of hydrogen. 

Mrs. Fleming, who is in charge of the work on variables at 
the Harvard College Obsei-vatory, writes: — 

"If an object is detected on any of the photographs showing aspeetruiu 
of the third type, having also the hydrogen lines bright, it is at otice hiih- 
pected of variability, since ouly variables of long period ara known to 
posse 33 this peculiarity."' 

I should aild in explanation that the tliird type of stnis 
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fetred to are stars which I hold to be ineteoritic swarms 
mply, i.e., uot condensed bodies like the s\m. 
Professor E. C. Pickering, in slimming up the Harvard work, 
so states' : — 
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"Tliia property liaH led to tlie dLacrivery ot more tliiin twenty Dbjects o£ 
tliia ulass, and no exception has been found of a star having this spectrum 
whose light does not really vary, Ueitliug with the variables of long period 
which liave lieeu rtiaeovered vianally, the hydrogen lines Lave been photo- 
graphed aa blight in forty-one, the greiiter portion of the othera being tou 
fiunt or too red to be stuitied witL our jireaent means," 

At maximum forty old varinbles of this class aliow bri^t 
iiues. and twenty new variables have been detected by the 
appearance of bright lines ; i.e., bright lines being seen in tbeni 
suggested that they were variable, and a further in(|itiry into 
the old records showed that undoubtedly tlieir light had varied. 



TUE A'aiiiable yS L\T!.K. 

I now pass on to consider such a variable at ^ Lyrte, con- 
cerning which star much work has been done since my book 
was published. 

Tlie light curve of this star is very ctirious. At its lowest 
brightness it is a 4^ magnitude star, and at its greatest bright- 
ness it shines as a star of 3^ magnitude, the changes going through 
one magnitude. These changes are run through in a period of 
thirteen days. But the interesting point is, that half-way 
between the succeeding principal minima, which occur every 
thirteen days, there is a well-marked secondary mininnim at 
wliich the light only descends to 3^ magnitude. The.'se facts 
will be gathered from the accompanying light curve. 

Now what Was the old explanation of these curious changes ? 
It was that tliR star represented a surface of revolution, the 
ratio of the axes being 5 to 3, 'i.e., elliptic beyond any expori- 
'ence of ours with regard to any other bodies. There is a dark 
portion at one end of the axis symmetiically situated. This 
body then lias to turn and twist with its axes and the black 
spot, and so on, so that at the end of the chapter Such a light 
curve as that of /3 Lyne is produced. Now on the new view 
this variability is produced by movement and by two bodies. 




I'lO. 52.— Liglit tiirtL- of fi Lji 



Let US attempt to get at wliat really happens by exaniiniug 
the spectrum obaervations. 

Pickering was the first to show that j8 Lyne was a spectro- 
scopic double, and it was the first spectroscopic double which 
was discovered in wliich the companion was not dark. The 
duplicity was discovered by the shifting o£ the lines, due to 
motion of the two bodies in tlie line of sight. Here, then, was 
a demonstration of movement and of two bodies. 

Next it was found that the spectrum, like that of Mira, con- 
tained bright liuea, hence the possibility of collisions, another 
requirement of the new view. 

Professor Pickering found that during the first half of the 
period^that is, between principal and secondary minima — the 
bright lines were on the less refrangible sides of the correspond- 
ing dark ones, while during the second half they were displaced 
to the more refrangible sides. He further remai'ked that — 
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" The actual clioages in the spectra, wheu studied iu detail, are much 
more complicated tliau lias been stated above, and show a variety of 
intenuediat« phases ouil changes in the dark as well as in the bright 

At Professor Pickering's request, I took up tlie work at 
Kensiugton in July, 1891.' Since it was commenced, accounts 
of the photographic spectrum of /3 Lyne have also been 
published by Belopolsky,' Father Sidgreaves,* and Vogel.* I 
proceed to state, step by step, the results of the Kensington 
observations. 



* 



1. nie spectrum is coiistant at th- same interval from prim 
■miwinm-m. 

Apart from the slight differences wliich seem to be accounted 
for by differences in the atmospheric conditions and conse- 
quently in the quality of the negatives, the spectrum nppearo^H 
be the same at the same interval from n 
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2. The kinds of variation shown on the plwtograph 
follows : — 

(a) Periodical changes iii tlie relative intensities of tJ 

lines. 

(b) Periodical doublings of some of the dark lines. 

(c) Periodical changes in the positions of the bright line? 

with respect to the dark ones. 

3. There are two bodies involved giving dark line spectra. 

At, and just before and after the second maximum, some of 
the dark lines are doubled. This indicates two sources of light 
giving dark line spectra and moving relatively to each other in 
the direction of the line of sight. When the relative movement 

■ Proc. Eog. 5oD,, 189*, Tol. It, p. 270, et jej. 
' Mem. Sac. Spelt. Hal., Jane. 1893. 
= Monthly Nolicex, S.A.S., 1894, p. 96. 
* Sitiiinaehericlde, Bariiii, February, 1894. 
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ill the line of sight is zero, none of the lines are doiiljled. The 
latter condition occurs about the time of the two minima. 

4. Tlie vinxiiimm i-elaiice •mlocUy of the two dark line com- 
pmieiiis in the line of siyht is ahout 156 niilcs per second. 

The greatest separation of the dark lines occurs about the 
time of second maximum, and tlio relative velocity as deter- 
mined by measurements of three uf the doubles in the photo- 
gi-aph of August 24, 1893, is that stated above. The iudividual 
measurements are as follows : — 
^^^H Hy = 155 Riiies j>er second. 

^^^^. One of t/te dark line components bears a airon;/ resemilance 
to Rigel, and the other to Bcllatrix. 

The spectra of the two components can readily be separated, 
for the reason that only lines common to both will be doubled. 
Among these are the lines of hydrogen. Lines special to either 
component are always single, and they retain the same relative 
positions witb respect to one group of hydrogen lines through- 
out the period. 

In Fig. 53 photographs are given to faciUtate an analysis of 
the compound dark line spectrum. At the bottom of the 
diagram is a reproduction of a photograph taken near the time 
of second maximum (August 24, 1893), and the spectra of Eigel 
aiid BeUatrix are included in the same plate. The compound 
character of the dark line spectrum of ^ Lyne at this time ia 
shown by the fact that one group of lines coiTCsponds very 
closely with those which appear in the spectrum of Kigel, and 
when these are subtracted from the whole spectrara, a spectrum 

i closely resembling that of Bellatrix remains, the latter spec- 
trum being displaced in this photograph t(] the more refraugible 
side, as shown by the short lines drawn beneath the spectrum. 
The two dark line components of ^ Lyriu may be called E and 
ipectively. 



It is not intended to suggest that tlie spectra of the two dark 
line components are quite identical with those of iUgel and 
Bellatrix. These are simply the best-known stars wliich they 
most closely resemble, and the similarity is pointed out as an 
indication that we have not to deal with bodii^s of an un- 
familiar type. 

The conditions at first maximum are not so simple as those 
at second maximum, though there is evidence to show tliat at 
this point of the light curve the component B is receding with 
respect to K. The hydrogen lines are broadened, and tlie two 
lines near 4472 and 4482 have approached eacli other, as they 
should do if one belongs more especially to K, and the other 
toB. 

6. W]i(M (he two bodies lie aloH{j the line of sight, partial 
eclipses occur. This happens near the viiiiimnnb of the liijhi 



The difl'erences in the intensities of the dark lines special to 
R and E, near the two minima, indicate that near the principal 
minimum E is partially eclipsed by B, while near secondary 
minimum E is partially eclipsed by IL If we leave the bright 
lines out of consideration, it is seen that near principal mini- 
mum the spectrum of ^ Lyrai greatly resembles that of BeUa- 
trix, the component B in tliis case lying between us and 
component K. Aa the eclipse is not total, however, the lines 
special to R appear with reduced intensities ; the lines joining 
the spectrum of j3 Lyite to that of Bellatrix indicate the piin- 
oipal lines of component B. At the secondary minimum, on the 
other hand, component It lies in front of component B, and the 
spectrum consequently bears a greater resemblance to that of 
Rigei. This is shown by the lines joining those of fi Lyrre to 
the spectrum of Rigel in Fig. 53. 

The difTereuce is especially noticeable in the case of the lines 
near \ 4471-8, 4481-8, 438S-7, and in the group of four lines a 
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little less re frun gillie than H^. Ne-ar principal miniiuui 
447r8 is ati-onger than 4481-8, as in Bellatrix, while abc 
secondary minimum 4481-8 is stronger than 4471'8 

If the echpses were total, the variations of the spcctru 
might be expected to be still more striking. 

7. In additioti to dark lines, tJtere are several bright ones wk 
change tlieir podtiojis with respect to tlie dark ones. 

The photographs show conspicuous bright lines aboi 
wave-lengths 4862(H3), 4715-9, 4471-», 4388-7, 4340-6(H,), 
4101-r(Hj), 4025-7, and 3887-7(H(), Other fainter ones also 
appear in some of the beat photographs. Itecent research shows 
them to be due to hydrofjeii and helium. 

The displaetiuients of the bright lines described by Pickering 
are confirmed in the main hy the Kensington photographs. 
In the several photograjihs taken between principal and 
secondary minima, the bi-ight lines he on the less refrangibh 
sides of the dark ones ; at secondary minimum the broad bright 
lines are almost bisected by dark ones ; while from seconi 
miuimum to principal minimimi the bright lines are more refrai 
gible than the dark ones. The investigation of the movements of 
the bright lines must, however, be now carried on in the light 
of the knowledge gained with regard to the existence of two 
sets of dark lines. 

If we consider the displacements of the bright hues with 
reference to the dark lines of component E, we find that they 
are always in the same direction as those of component B with 
respect to B. Tlius, in the tirst half of the period, the bright 
hues as well as the dark lines of component B are less refran- 
gible than those of component K, wliile during the second half 
they are more refrangible. The bright lines, however, do not 
keep a constant position with respect to those of component B, 
although displaced in the same direction. 
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8. Tha hrii/ht lilies are brig/i/csi soon after secondary mitdmuvi-. 

If the biightnesB of the lines in reality remains constant, they 
will appear relatively brightest at the two minima, owing to 
the redaction of continuous' spectrum which is associated with 
the increased brightness of the star at maximum, and for the 
same reason they should apjiear brighter at principal than at 
secondary minimum. Estimates of the brightness of the lines 
in relation to the continuous spectrum have been made inde- 
pendently by four of my assistants, and, although estimates of 
this kind are liable to error, the general agreement is sufficient 
to indicate that, when all allowance is made for the varying 
continuous spectrum, there is a maximum of brightness of the 
bright lines about half a day after secondary minimum. The 
apparent increase of brightness near principal minimum seems 
to be due solely to the reduced intensity of the continuous 
spectnim. 

These obser\'ations are now four years old ; so far as I know, 
they have never been contested ; and I claim for them |ull con- 
firmation of the three fundamental requirements of the meteo- 
ritic hypothesis, for the regular brightening of the lines suggests 
collisions, and we know now that we have two uncondensed 
meteor swarms in motion round their common centre of gravity 
as in Ceti. 



^H VAUioiJ.s Kixiis OF Vaiiiahlity. 

■*' It is perfectly clear from the hypothesis that special kinds of 
variability must accompany each special degree of condensation ; 
e.g., two sparse swarms eanntJt eclipse each other, nor can they 
in collision give the same spectrum as when their constituent 
meteorites are not entangled. Hence, if we find stars with 
similar spectra associated with similar kinds of variability, we 
have in this a strengthening of the hypothesis and proof, if any 
more were needed, that all so-called " stars " are not condensed 



Now till 3 is conceded. Prufi;ssor I'ickeviilg 
follows :— 

"The classification of tbe et'krs actordinp to their spectra is eo 
Tca<;hifig that it should be applieil to each of their otiier propertiea. 
inataiice, of the variable stars it appears that all known Algol stars hate 
spectra of the first type (Group IV), while I oiig-perjoil variables in general 
are of tlie third type (Group II), and have the hydrogen lines bright 
when near their maxima."' 

" Variable stars of short jierioil generally have apectra of the second, 
type "(Groups III or V). 

ludeed, we may use the jihenomena of variability in support 
of tLe general hypothesis, for the different kinds of variability 
with which we are most familiar must be special to certain 
kinds uf atai-a. As I have before said, sparse swarms cannot 
eclipse each other, and it ia only sparse swarms wliich by colli- 
sion can produce bright lines lasting only a short time. 

We should expect, therefore, the variability of stars of whicli 
the meteoritic supply has ceased to comprise eoHpse pheno- 
mena only, and tliis is so. The more these stars shrink o] 
cooling, the rarer aliouid i^ehpse phenomena become, and 
ia so. 

Hence we have special kinds of variability for stars increas- 
ing and others decreaaing their temperature. 

So far- no mention has been made of variables of the S Cephei 
class, but here again it appears that they represent bodies 
increaaing their temperature and less sparse than Mira, while in 
s the conditions are changed. 






Replies to Objections. H 

Two objections, however, h,ave been made to theae hypo- 
thetical two swarms. It has been urged that the aecondary 
swarm which we saw moving in a closed orbit round the 
primary one would soon spread out into a line along the 
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orbit, so that there would always be some pitrts uf it mixed 
up with the constituents of the parent swanii.' 

" Tlie conditions in a MvatpDi of colliding swarms l'ohH not be (jer- 
lUBiient, for with sui^essive coIliaioDB the Hniailler swarm would heooiue 
spread out so as to form a ring, and hence the variability of the star 
would eeaae." 

That is a perfectly fair otjectiou, supposing we are liealiiig 
with millions and billions of years, hut I think that those who 
liavc made it do not know the history of astronomy. Let ua 
take, for instance, the history of the well-known Novemlier 
swarm which cuts the earth's orbit, so that in certain Novembers, 
jihont thirty-three years apart, we get this swarm of meteorites 
passing through our atmosphere, getting burnt o\it in that 
passage, and giving us one of the most magnificent sights which 
it 13 possible for mortals to see : a whole hemisphere of sky 
iilled with shooting stars. Some of us remember such a phe- 
nomenon as that in the year 1866 ; some of us are hoping to see 
the recurrence of it in 1899, for which we have not long to wait. 
But the fact that we only get this appearance every thirty-three 
years shows tljat, at all events, that swann of meteoiites to 
which the phenomena are due has not changed during our life- 
time ; nay, it has not changed during the last thonsiind years, 
for man has known of that November swami for more than a 
thousand years, and we have only known of the variability of 
Mira for 300 years. Hence such an objection is entirely out of 
court, because it lacks the historical touch. 

Another objection which has been vu-ged is that there are 
certain irregularities in the light curves of these bodies which 
are not consistent with orbital movement ; that Mira, for 
instance, does not always come up to the same amount of 
brightness at its maximum, and perhaps, for all we know, does 



not always go down to the s 
lowest. 
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This is Professor Young's objection. He writes :— 
"Ther 



1 



? maiij good points about this mgenious theory, but also 
Mrious objectiotiB to it, as, for instance, the great irregularity of the 
periods of stars of this cla^ aii irregulaiity which hardly seems consistent 
with siith an orbital revolution."' 

Tliat also is perfectly true, and on this accoiint : there is no 
reason why we should suppose that these phenomena of the 
waxiug and waning light of tlie body are produced by tlie 
movement of one body only. Suppose, for instance, that there is 
some cosmic eye a billion miles away from our solar system, so 
beautifully and exriuisitcly wrought, so delicate in its construc- 
tion, that it can see an increase in the light of the sun every 
time a big comet Roes round it. Now we know from our own 
experience of comets tliat it would be absolutely impossible for 
that delicately constructed eye to see anything like a constant 
variability in the light of the sun under these conditions, 
befanse sometimes the brightest comets whicii come to us are 
absolutely impi«dict«d ; they come at irregular times. 

It must next also be pointed out in connection with this 
olyection that there are other obvious causes for considerable 
variations in the light, both at the maximum and at the mini- 
mum. The beautiful spiral nebulie of which Dr. Eoberts has 
given us such magnificent photographs may, for aught we know, 
truly represent the parent swarms ; it is impossible to imagine 
that the minor swarm would exactly pass through aU the 
intricacies of those magnificent spirals, and go and return 
throttgb it precisely on the same path. It would be more pro- 
bable that, in conseijuence of perturbations, the secondary swarm 
would sometimes go through a denser portion, at other times 
through a less dense portion, and that would he quite sufficient 
to give us a considerable difference of luminosity. 

That the intervals between successive maxima and the mag- 
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nitudea at maxima are not constant does not piuvi; that the 
actions are not periodic. 

The only objections which have yet teen made to the new 
view as to the cause of variability in thia class of stars are thus 
readily explained. 

But suppose for a moment that this view of two bodies is not 
accepted. What have we got in place of it ? We have to 
explain all the phenomena of variability by one body. That 
has been attempted more or less happily. Suppose, for instance 
we have the case of a body waxing and waning quite regularly ; 
we have only to say that body is like a soup-plate, and rotates 
on an axis, so that sometimes we see the face, sometimes 
only the edge. Hut that is not very satisfactory, because we 
do not know any stars which are like soup-plates. Another 
way is to say that the stars which are variable have great dark 
patches on one side of them, great bright patches on the other. 
We can get a variation of light by such a scheme as that ; hut 
we have not observed that; we are simply inventing, merely 
suggesting ideas to natui'e that I fancy nature will tell us by- 
and-by are quite erroneous. For instance, I have stated the 
facts with regard to ^ Ia'tx which establish the action of two 
bodies, and I have given the explanation formerly put forwaii.1 
for the variability of that star. The old explanation is 
blown into thin air by the facts. I think it will be ac- 
knowledged that the old ideas are iiTational, because they have 
no true basis of fact, and we must remember that in all this 
work we must deal strictly with the facts in accordance with 
the rules of philosophising ; i.e., we must never have a com- 
plicated explanation until we are perfectly certain that a 
simpler explanation will not do, and the simplest explanation 
of all is that which occurs must frequently in the region of 
fects. That puts the soup-plate theory with regard to variable 
stars entirely out of court. Furtlier we must remember that, 
supposing those who still holil to the one-body theory, one star, 
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one variability, object to the possible explanation of variability 
by the meteoritic h}'pothe8i8, they will tind it very much more 
difficult to explain the departure from regularity by any 
geometric system, liecause a geometric system must certauUy 
be more rigid than any other, and, therefore, any irregularity 
-uuder it would be almost impossible. 

Lastlj', by way of reminder, it may be stated that' any 
amoiuit of variability and irreffular variability in the light 
curves of these bodies may be explained on very simple grounds, 
provided we acknowledge that we are dealing with the movd 




Fio. 54. — Indieating how upparentlj irregular light curres maj bo due to thf*^ 
bwo regular light rariatione. 
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ments of more tban two bodies. For inatance, suppose we 
have one cause at work which gives iis a maximum aud mini- 
mmiL, and another cause which givea us two very much smaller 
maxima and minima occurring at a different period represented 
in Fig, 54 in the upper part of the diagram. 

If we add these two together, we get the irregular light 
curve shown below the two simple curves in the diagram. But 
the amount of irregularity may possibly only reveal the amount 
of our ignorance, and when the time comes when we can isolate 
these two causes, and thus see how the addition of them should 
be made, we shall find that every part of this curve is really 
the result of a most beautiful law. I am veiy glad to say that 
quite recently Mr. Maxwell Head, of the Hai'vard Observatory, 
has put forward the same suggestion, so tliat we may hope that 
it will soon be worked out on pretty broad lines. 




CHAF'TEU XL— KYE OBSEllVATIONS OF NEW STA 



Early Views. 

Closely associated with variable atars are the phenomena of 
Bo-called " new stars," We have had during the last thirty 
years five of these new stars, and it was during the appearance 
of one in the constellation Cygnua in 1876 that I was led to the 
views which I still hold with regard to their origin. 

One of the most remarkahle features of these new stars is the 
rapidity with which they lose their biilliancy. 

The first published views relating to the possible causes of 
the phenomena presented by stars suddenly coming into visi- 
bility we owe to Tycho Bralie and Kepler. These were pro- 
mulgated with reference to, and in explanation of, the new 
stars which appeared in 1572 and 1604. It will be convenient 
to begin onr consideration of the views in question by giving a 
condensed account of the observations which had au^ested 
them. 

The moo. 0/1572 dbm-ixd htj Tycho BrcUic. 

This, the first Nova of wliich anything like a complete record 
exists, appeared in Cassiopeia, in 1572, The accompanying 
phenomena were minutely described by Tycho Bralie,^ who 
first saw it on November 11, 1572. The Nova appeaiiiti 
destitute of nebulous surroundings, and only differed frtim 



1 Tyclio Brahe, Froggmitaamala, lib, ii, p. 31 
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other stars in tlie vivacity of its scintillations. Wlien it was 
first observed, it appeared more brilliant than Sirius, « Lyrie, 
or Jupiter, and even rivalled the splendour of Venus at greatest 
brilliancy, being, like Venus, visible in the daytime. At the 
l)eginning of December a diminution in brightness was noticed. 
This regularly continued until, in March, 1574, the Nova had 
disappeared. The gradual diminution of the star's luminosity 
may be seen from the following photometric observations made 
Ly Tycho Brahe ; — 

Novembei-, 1572. Brighter than Sirius, a. Lyrte, or Jupiter, 
and only comparable to Venus when most brilliant. 

December, 1372, Aa bright as Jupiter. 

January, 1573. Less bright than Jupiter. 

February and March, 1573. Equal to a first magnitude star. 

April and May, 1573. Etiual to a second magnitude star. 

July and August, 1573. Equal to a third magnitude star. 

October and November, 1573. Equal to a fourth magnitude 
star. 

End of November, 1573. Equal to a fifth magnitude star. 

Between December, 1573, and Eebmary, 1574 Equal to a 
sixth magnitude star. 

March, 1574. 



Changes of colour accompanied the changes of brightness. 
When the star first became conspicuously visible it was white, 
like Venus and Jupiter. It then acquired a yellow colour 
which merged into red. In the first months of 1573, Tycho 
Brahe compared it to Mars and ot Orionis, and considered it to 
be much Hke Aldebaran. Later on in the same year, and 
especially towards May, a leaden hue was observed, like that 
exhibited by the planet Saturn. This continued until January, 
1574, when the colour appeared to become less clear and of a 
leas pure whiteness aa the star slowly disappeared. 



Th.e Nova of 1604 obstrvcd hif Kepler 

The famous Nova which appeared in 1604 is associated with 
tbe name of Kepler, as that of 1572 is with Tycho Brahe. It 
was first observed on October 10, by Bronowski, a pupil of 
Kepler's, The latter astronomer saw the Nova on October 17, 
and wrote a ch-cnmstanttal account of his subsequent observa- 
tions. 

The following is a tabulated account of the estimations o£ IM 
magnitude during the fifteen months that the star 
visible : — 

1604, October, Brighter than fijst magnitude stars, and a 
Saturn, Mars, and Jupiter, 

1604, November 6. Could be seen at twilight, althougt 
Jupiter was not visible. 

1604-5, December 24 to January 3. Greater than AntarM,B 
but less than Arcturua. 

1605, March 20. Less than Saturn, but greater than thi 
magnitude stars, 

1605, April 21. Eq^ual to a third magnitude star. 
1605, August 12 and 14 Equal to a fourth magnitu 
star, 

1605, September 13. Less than a fourth magnitude star. 

1606, March. 



Kepler does not record a sequence of changes in colour li 
that undergone by the Nova of 1572, although he alludes to the 
yellow, saflion, purple, and red tints of the star when it was 
near the horizon. It will be seen from the following extract' 
that he refers to the scintiUationa as being like the colours 
reflected by the faces of a diamond, but this was also the case 
with Tycho Brahe'a Nova, and is distinct from the gradual 
colour changes of the latter star. 



» Fade Serjientarii, Prague, ICOfi, p. 5. 
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" Milii, qui potiaaimum respiciebani ad colorum Iridis varietatem, quos 
pro Bcintillationis ulio ntqiie alio habitii evomuit, piacuit uti exemplo 
Adamaotia multanguli, qui Solis radios inter cocTertsnduiu, ad Bpectan- 
tium ocnloa, variabili fulgore reviLrarst : Htmul ad causam acintillationia, 
in Opticia meis alktaizi, ailudere volui. 

" De coloribna Mfestlinus pland mecum, eoa ad momenta singula variari, 
ex flara mox croceam, i vestigio purpuream et nifam, ut phirimim can- 
didam, videri, ubi ex vaparibu» paulo alliut elevetur." 

Although many other Novfe have been observed, none have 
matched the splendour oE those of 1572 and 1604, and of none 
have such circumstantial accounts been written. I now pro- 
ceed to a statement of the explanation of the phenomena put 
forward by the respective observers. 



Tyclio Brake's Hypothesis. 

Tycho Brabe considered that new stara were formed from the 
cosmical vapour which was supposed tu have reached a certain 
degree of condensation in the Milky Way.^ 

" Creli materia ut subtillissima noetroque visui et planetarum circuitibus 
pervia, in unum tameu globum condensata compactaque, et lumine, si non 
proprio saltern solari, illustrata, hauo stellam eflingere potuit. QuEe 
quoniani citra communem naturae ordisem quasi monstrosa extitit, parem 
cum Pieteria peraeverantiam obtinere nequibat ; veluti neque novfe eJt 
dementis conatautes generationea et monstra diu diirant. 

"£t quamvia in tota uelestia muiidi vastitate materia pro conforma- 
tione alicuiuH atell^ aacititiie, meo judicio abundS suppetat ; tamen nus- 
quam copiosias et plenifU, quam justa Tiam Lacteam, quEun aubstantiam 
qoandam cfeleatem a materia reliquarura Btellarum non diacrepantem. 
Bed diffusam certiaque locis expanaam, non in unum corpus diecretinl, 
pront in stellia fit, conglobatam esse atatuo ; hincque factum judico quod 
nova luec in ipso Oalaxiie margine conatiterit." 

It will be seen from the above extract that the fact that the 
Nova appeared on the edge of the galaxy was used by Tycho 
Brahe to give weight to the hypothesis of stellar formation 
advanced by him. Indeed, some observers imi^ined they could 
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see the kiatm or opening out of wliieh the Nova came. The 
disappearance of the star was supposed to be due either to some 
action in itself or to its dissipation by the light of the sun and 
stars. When Tycho Brahe advanced the above theory, the tails 
of comets were looked upon as similar in constitution to 
Milky Way. 






Support o/tite Hypothesis hy Kepler. 

Kepler agreed with Tycho in considering that new stars were 
created from the ethereal substance of which the Milky "Way 
was composed. The circumstance that Mira Ceti, which was 
looked upon as a Nova, appeared in a part of the heavens 
distant from the Milky Way, was explained by saying that the 
nebulous material was not exclusively confined to the galaxy, as 
supposed by Tycho Brahe, but pervaded all space.' 

A fact deemed of considerable importance was that both 
Tycho Brahe's and Kepler's Novro became suddenly and 
strikingly visible, and did not appear gradually to increase in 
brightness. Indeed, it was thought that all new stars must 
exhibit the maximum of brOliancy at their first appearance, and 
Kepler went so far as to use the statement made by Antonius 
Laurentinus Politianus, that he had seen the Nova of 1604 
increase in brightness, as an argument against his having seen 
the star at all. The following are the words used by Lauren- 
tinus : — " Apparuit parva, et postea de die in diem crescendo 
apparuit magiiitudine, et lumine non mnlto inferior Venere, 
superior Jove."" 

Newton's View. 

The first Nova tliat attained any brilliancy, after that of 1604, 
appeared near p Cygni in June, 1669, and was observed by 
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Anthelra.' This Nova fluctuated in Ijrightness between the 3rd 
and 5th magnitudes, and finally disappeared altogether. It is 
moat probable that observations of tliia star drew Newton's 
attention to the subject, and led him to the idea that " Novii; " 
were produced by the appulae of comets, thus propounded in 
1686 in the Frineipia.^ 

" Sic etiam atellie fism, qum paulatini eipimnt in lucem et vaporea, 
cometifl in ipaaa incidentibus refici poaaunt, et novo ttlimento a,cceDsffi pro 
stellia novia haberi. Hujua generia aunt atellse fixfe qufe aubito apparent, 
et sub initio quam maxinie splendent, et subinde paulatim. evanescuat 
Talis fuit atella. in cathedra. Casaiopeife quam Cornelius Gemma octavo 
Novembria, 1672, luatrando illara cceli partem nocte serena miiiime vidit ; 
at nocte prosima (Novem. 9) vidit fixia omnibus aplendidiorem et luce sua 
vix cedentem Veneri. Hanc Tycho Brahseus vidit imdecimo ejusdem 
menais ubi maximu apleiidutt ; et ex eo tempore paulatim decreacentem 
et spatio mensiom seideoim evanescentem obaervavit." 



More Modern Views. 



In dealing with the period between Newton's time and 1890, 
propose to give, as shortly as possible, some of the most 

important views expressed, during the last quarter of a century, 

by observers of the phenomena we are now c 



ZGllner, 1865. 

According to the hypothesis advanced by Zollner,' all stars, 
at a certain period of their formation, become covered with a 
cold, non-luminous crust. If the glowing mass bursts forth, 
the chemical combinations which liave formed on the surface, 
under the influence of a low temperature, ai'e again decomposed 
with a resulting development of considerable beat and Kght. 
Hence the great brilliancy of a new star must not be ascribed 



' Phil. Tram., vol. 5, p. 2028. 
= P. 626, «lB8gow odition, 1871. 
' Photontetrische Uniera^Khajigen 
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merely to the bursting forth of a glowing mass, but also to 
combustion of the substances which form the shell. 

Huggiiis and MUltr, 1866. 

Drs. Huggms and Miller's observations of the Nova that 
appeared in Corona Borealis in 1866 led them to the following 
general conclusions ■} 

"It is difficult to imagine the present phyaical conditiou of thia 
umrkable object. There must be a photosphere of matter in the solid g 
liquid Btate emitting light of all Tefrangibilities. SuiTOiuuiing thia n 
exist also an atmosphere of cooler vapours, which give rise,b}- a 
to the groups of dark lines. 

" Besides this coustitutiou, which it posEPssee in common with tlie ai 
and the stars, there must exist the source of the gaseous spectrum. That 
this is not produced by the faiat nebulosity seen about the star is evident 
by tlia brightnesa of the lines, and the circumstance that they do not 
extend in the iustrumeut beyond the boundaries of the continuous 
spectrum. The gaseous mass from which this light emanat-es must be at 
a much higher temperature than the photosphere of the star, otherwise it 
would appear imposaihle to explain the great brilliancy of the lines com- 
pared with the corresponding parts of the continuous spectrum of the 
photosphere. The positions of two of the bright lines suggest that this 

gas may consist chiefly of hydrogen The character of the spectrum 

of this star, taken together with its sudden outburst in brilliancy and its 
rapid decliue in brightness, suggests to us the rather bold speculation that, 
in consequence of some vast convulsion taking place in this object, large 
quantities of gas have been evolved from it, that the hydrogen present is 
burning by combination with some other element and furnishes the light 
represented by the bright lines, alao that the flaming gas has heated to 
vivid incandescence the solid matter of the photosphere. Ah the hydrogen 
becomes exhausted all the phenomena diminish in intensity and the star.V 
rapidly wanes." ■■ 

JohTidone-Stoney, 1S68. ^ 

In a paper on the physical constitution of the sun and stars, 
Mr. Johnstone-Stoney, in 1868, discussed the origin of double 



stars. He then remarked' that the astonishing phenomen*j 
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witnessed iu T Coronfe were precisely what should arise towards- 
the end of a process he describes ; tliis process may be gathered 
from the following quotation : — 

" The atara having Ijeea intenflely heated by previous perihelion paa- 
soiges, and having hegtin to shrink, would, at ordinary times, present a 
spectrum subdued by an abundance of very dark lines ; but immediately 
after one of the last occasions upon which their atmoepheres brush against 
one another, the onter constituent of their atraoapherea [hydrogen] and 
the outer constituent alone, would be raised by the friction to brilliant 
incandescence, which would reveal itself by the temporary substitution of 
four intenaely bright for four dark hydrogen lines in a spectrum which 
everywhere elae continues to he filled with dark lines. And, moreover, 
these dark lines would for a while be rendered faint by the fierce heat 
radiated upon the outer parts of the atmosphere of each star bj its com- 
panion." 

Vogel, 1877. 

Observations of the new star iu Cygniia (1876 — 77) led Pro- 
fessor Vogel to remark as follows : — * 

" It is generally supposed that the bright lines in some star spectra are 
due to gases which burst out from the interior of the luminous body at a 
temperature higher than the surface, as similar lines are occasionally seen 
in the spectra of sun-spots, and are caused by the eruption of incandescent 
hydrogen from the hot interior over the cooler surface of the spot. But 
this is not the only explanation. It may be assumed that the outer shell 
of a star, comisting of glowing gases, as in the case of our sun, has a- 
lower temperature than the nucleus, although it is at a relatively high 
i«mperature. 

"On the first supposition, it is impmssible for the appearance to last for 
any length of time. The gas bursting forth from, the heated interior 
would communicate part of its heat to the cooler surface, thus raising the 
temperature of the latter until the difference of temperature between the 
incandescent gas and the surface is insufficient to produce the bright lines, 
which consequently disappear. 

"This theory satisfactorily explains the apparition of so-called mew 
stars, having bright hues in their spectra, and which suddenly appear and 
speedily disappear altogether or lose moat of their brilliancy, if ZOllner"* 
hypothesis be accepted as a further explanation." 



1 Berlin Akad. MoitattbericUe, 1877, p. 255. 
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Dr. Lohse advanced a theory to account for " new staxs," 
founded upon liis observations of Nova Cygni.' His suggestions 
are sununed up as follows : — ^M 

(1) " The liglitiug up of new stars may probably be looked u{Kin aa fl^H 
result of the innate affinity of chemical matter. ^H 

(2) " The oonditiona aud manner of illunjiuatioti maybe regarded as 
follows : — By the progresaive cooling of the mass of a luminoiia body 
(fixed star) which consists of heated vapours and gases, an atmospheric 
envelope is erected which absorbs the light so much, that the star cannot 
be seen at all, or only very faintly, from the earth. As this body con- 
tinue* to give out heat, at length the degree of coolness is reached which 
is necessary for the formation of chemical combinations. The greater 
portion of the body ia composed of elements which then combine, pro- 
ducing, by their combination, heat and light, and thus making the star 
visible to a great distance, and for a long or short space of tii 



Lockyer, 1877. 

In this year, iliscussing the phenomena of Nova Cygni, ' 
advanced the view that meteoritic collisions were, in all pro- 
bability, the cause of them. This will be fully discussed 
later on. 

Monck, 1885. 

Mr. W. H. S. Monck suggested, in relation to the new stata 
Andromeda, that : — 

" As shooting-stars are known to be dark bodies rendered luminouB ft 
a short time by i-ushing through our atmosphere, new stars are dark (or 
faintly luminous) bodies which acquire a short-lived brilliaJicy by rushing 
through some of the gaseous masses which e 
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CHAPTER XII.— THE METEORITIG THEORY OF THE 
ORIGIN OF NOyJE. 



The whole conception of the meteoritic hypothesis arose from 
a consideration of those bodies which sometimes quite sud- 
denly maiie their appeampce in the heavens. 

It waa a " new star " which appeared in 1876 which drew 
my special attention to these phenomena, and, as a result, I 
wrote as follows : — 

" It should have been perfectly dear to those who thought about audi 
matters, that the word ' star ' in such a case ia a miaiiomer, from a 
Hcientihc point of view, although ao word would be better to describe it 
in its popular aspect. The word is a luisuomer, for this reason. IE any 
star, projjerly so called, were to becoiae a ' world on fire,' were to ' burst 
iuto flames,' or, in less poetical language, were to be driven either into 
a condition of incandescence absolutely, or to have its incandescence in- 
creased, there can be little doubt thousands or millions of }'ears would be 
necessary for the reduction of its Ught to the original intensity. Mr. 
Croll has recently shown that if the incandescence observed came for 
instance from the coUisioit of two stars, each of thetu half the mass of the 
aun, moving directly towards each other with a velocity of 476 miles per 
second, light and heat would he produced which would cover the present 
rate of the sun's radiation for a period of 50,000,000 years. A very dif- 
ferent state of afiairs this from that which must have taken place in any 
of the Novje from the time of Tycho to our own, and the more extreme 
the difference, the leas can we be having to deal with anything like a star 
properly bo called. 

''The very rapid reduction of light in the case of the new star in 
Cygnus was so striking that I at once wrote to Mr. Hind to ask if any 
change of place wa^ observable, because it seemed obvious that if the 
body which thus put on so suddenly the diromoapheric spectrum were 
single, ie might only uxigk a few <o)m or eiimi hundredweighu, and being so 
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small might lie very near us. We are driven, then, from the idea that 
these phenomena are produced by the incandescence of large niaaaea of 
matter because, if they were ao produced, the running down of brilliancy 
wotild be exceedingly alow. 

" Let IIS consider the case, then, on the stippOBition of small masses of 
matter. Where are we to fiiid them ! The answer is easy : in those 
small meteoric masses which an ever-increasing mass of evidence tends to 
show, occupy all the realms of space. 

It may here be stated that among the well-observed pheno- 
mena recorded, the star oii dimming its lustre gave out light 
spectroscopically identical with that emitted by the nebulse. 

I pointed out that this fact 

'• Not only goes far to support the view I have suggested as against 
that of Ziillner, but it afibrda collateral evidence of the truth of Thomson 
and Tait'a hypotheaia of the true nature of nebulte. The nebular hypo- 
thesia iu its grandeur and simplicity remains untouched by these obser- 
vations, the facts, so far from being in direct opposition to it, help ua, I 
think, all the better to know exactly what a nebula ia 

" There is another point of extreme interest to the apectroscopiat, if we 
accept the bright line observed in the star by Dr. Copeland and others to 
be veritably the chief nebula line. It is clear from Dr. Vogel's diagram, 
that this line brightened rdativeli/ with each decrease in the brilliancy of 
the hydrogen lines. On December 8tli, 1876, it was much fainter than F, 
while by March 2nd,. 1877, F was a mere ghost by the aide of it. On 
any probable supposition the temperature must have been higher at the 
former date."' 

Eetuming to the subject of new stars in 1887, in a prelimi- 
nary discussion of the meteoritic hypothesis, I saw no reason to 
change my views, and an inq^uiry into the spectroscopic phe- 
nomena led me to state that : — 

" New stars, whether seen in connection with nebulie or not, are pro- 
duced by the clash of meteor awarma, the bright lines seen being low 
temperature linea of elements, the spectra of which ore most brilliant at 
a low stage of heat."" 

This general theory, however, does not exclude other causes, 
such as the sudden Ulumination produced by collisions of two 
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dark bodies ; but I iwiiitetl out that no case of this kind haa 
happened within human ken. 

It follows, then, that the phenomena of new atars are pro- 
duced by the same cause as that which is at work in the 
variable stars in which we get the greater light produced at the 
moment when two swanna, one revolving round the other, are 
nearest together. The only difference being that, in the variable 
atais, we deal with periodic phenomena. 

It is obvious, then, that a complete discussion of these 
phenomena should afford a valuable test of the general hypo- 
theais, for the reason that such bodies, instead of going forward 
along the temperature curve, should go back as they cooled, and 
the sequence of spectra should be reversed. 

In 1890 all the observations, therefore, were brought together 
and discussed from this point of view. These discussions form 
the subject matter of the present chapter, which consists of a 
condensation and slight revision of a paper I communicated to 
the Eoyal Society in that year.' The investigation had parti- 
cular reference to the sequence of the spectra of Novae from 
their appearance to their diminution to invisibility. In the 
absence of spectroscopic observations the changes of colour 
were studied to afford a means of arriving at some idea of the 
physical constitution of the body observed. 

For the purposes of this inquiry I define a Nova as a body 
which suddenly appears, then diminishes its brightness, and, 
finally, disappears as a star. 

Discussion of the Spectba. of Nov^. 

N'ova CoroncE, 1866. 

The spectrum of this star was observed on several dates by 
Messrs. Huggins and MiUer, Wolf and Eayet, and Stone and 



1, A, p. 397, et atq., NoTembar 28, 1S90. 



Carpenter. Tlie observations of Huggina and Miller v 
on May IC, 17, 18. 19, 21, and 23; those of Wolf and EayettS 
May 20 ; and those of Stone and Carpenter on May 19, 20, 23, 
24, 28, and June 7. There is a general agreement as to the 
positions of tlie lines determined by the different observers, and 
the principal difference observed, aa the atar faded, was simply 
a diminution of the number of lines. 

In their first observation, on May 16, Messrs. Huggine and 
Miller' noted four bright lines, and suspected a fifth. Two of 
these were found by direct comparison to be the C aiid F lines 
of hydrogen, but the positions of the other two were only 
roughly plotted on a diagram. There are not sufficient data 
for accurate reduction of the wave-lengths of these lines, but 
by a curve they have been found to be at appro."dmately 468 
and 473. Of the more refrangible of the two it is remarked : 
" The appearance of this line suggested that it was either double 
or undefined at the edges." The fifth line suspected was prob- 
ably not far from G of the solar spectrum, and the presence 
C and F make it highly probable that this was the hydn 
line at G. 

In addition to these bright lines, many absorption lines and 
bauds were observed. These absorptions were evidently veiy 
similar to those seen in stars like a Orionis. This was noted 
by Messrs, Huggins and Miller, and I have since compared 
those in the blue end of the spectrum with the lines photo- 
graphed in a. Orionis by Professor Pickering, who kindly 
furaished me with the data necessary for the reduction to wave- 
lengths. This shows a very close relation between the two 
spectra. The spectrum was again observed by Messi-s. Hug- 
gins and Millet ou May 17 and 19, but no remarkable difference 
was noted. 

On May 19, the spectrum was also obser\'ed by Messrs. Stone 
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aud Carpentei'.' Four bright lines were seen, but only three of 
them were fixed by meaaurements. The position of the fourth 
was approximately determined by estimation. One of the lines 
wa3 undoubtedly F, and the wave-lengths of the others, aa 
deduced from a curve, I find to be about 501, 471, 467. The 
data for reduction, however, are quite insuificient to give any- 
thing hke accurate reaulta. The C line was not recorded. 

In the account of hia obaervationa of Nova Cygni, Vogel 
refers to the observations' of Stone and Carpenter ; he reduced 
the positions of tlie lines to wave-Iengtha 502, 467, 463. He 
points out, however, that on account of insufficient data, these 
cannot be regarded as accurate. 

The line 500 was seen only by Messrs. Stone and Carpenter, 
The other two lines are, in all probability, identical with those 
observed by Messrs. Hu^ina and Miller, for which I have 
determined the wave-lengths 468 and 473. Traces of absorp- 
tion lines were also observed, thus confirming the observation of 
Messrs Hu^ius and Miller. Another observation was made by 
Messrs. Stone and Carpenter on May 20, but to them the spec- 
trum did not differ from that of the previous day. 

MM. Wolf and Eayet,'' however, made an observation of the 
spectrum of this star on the same day. They recorded : — 

" The light of the new star gives a complete, very pale spectrum, on 
which are seau a certain uiimber of brilliant hancla. The brightest anil 
largest of these bands appeared in a continued manner almost at the e'lge 
of the yellow and the green. It is preceded on the yellow aide by a 
rather dark space, then by a bright, but weak line. A third line, which 
seems to correapond to D, ia seen in the yellow, pretty bright, and towards 
the orange. Then, after the brightest line towards the Tiolet end, the 
green is aeen well marked, then a darker space a little darker than we 
spoke of before, and another line as bright as the principal band. The 
rest of the spectrum ia pale, with ill-defined edges, and with nothing 
marked about it tliat we could distinguish. " 



' B. Attron, Sue. Monthly Noticea, Tol. ii 
' Serlia Akad. MonaUher., 1877, p. 243. 
^ Complei Eendus, vol. Ixii, p. 1108. 
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It is greatly to be regretted that the positions of the ] 
■were not measured. Without these it is quite impossible to c 
nect them with the other observations. It is remarkable tht 
the line in the yellow, which may have been D or D^ 
recorded by any of the other observers. 

Messrs. Huggins and MiUer again observed the spectrom 
May 21 and 23. On these dates the bright linea appeared mm 
brilliant than on former occasions, owing to the dimming of thi 
continuous spectrum. On May 23 Mr. Stone again saw t 
four lines which he had observed previously, hut on May 2 
and 28 and June 7 he was only able to see the T line. It i 
the opinion of both Mr. Stone and Mr. Carpenter that ' 
bright lines and the continuous spectrum faded at the sa 
rate. 

All these observations, with the exception of those by Wolf*! 
and Eayet, are shown on the accompanying map. 

There can be no question as to the origin of two of the lines— 
that in the red and that in the blue-green. They were i 
undoubtedly due to hydrogen. The hne near 501 was, in all 
prohabihty. the same as that which was seen to brighter 
Nova Cygni as the star faded. This was also suggested to Vogel I 
in referring to his observations of Nova Cygni. There ia other . 
evidence to show that tins was identical with the chief line in \ 
the spectrum of the nebulie. 

The two lines in the blue present a httli: more dif&culty. 
The more refrangible one near 468 may have been due to the 
carbon fJutiug, which, under certain conditions, has its maximum 
intensity about 468,' especially as Dr. Huggins stated that its 
" appearunce su^ested that it was either double or undefined." 
The one near 473 was probably the less refrangible edge of the 
same compoimd fluting of carbon. 

In some of the observations of comets {^.17., Comet III, 1881, 
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on June 28) the blue band lias been recorded with two ma: 
one at 468 and the other at 474. This strengthens the v 
that the two lines seen in Nova Coronse may have had the a 
origin. In comets, the more refrangible one is the least defii 
and this was also the case in the Nova. The two maxima we^~ 
also seen auhsequently in Nova Cygni, but in that case the less 
refrangible one was only visible for a short time. I have very 
little donbt that both in comets and Novjs the two maxima are 
due to carbon. In the laboratory experiments (see ante, p. 149) 
in connection with this point photographs have been obtained, 
which show the compound group with a bright maximum of 
intensity about 468, at the same time leaving the least refran- 
gible maximum (474) fairly bright, and the two intermediate 
ones much weaker. It is not difficult to understand that under 
difficult conditions of observation such a group should be 
mapi)ed as two lines, one corresponding to the maximum at 468 
and the other to that at 474. 

Whatever the origin of the two lines, the fact of their being 
common to comets and Novte is very significant. 

It is rather remarkable that in Nova Coronse the F line 
should remain visible for a longer time than the hue near 500, 
because in Nova Cygni it died away first, leaving 500 very 
bright to the end. It must be remembered, however, that tie 
later observations by Mr. Stone were made under very difficult 
conditions. The 500 line would also be more liable to be 
masked by continuous spectrum than the F Hue, ao that the 
presence of a brighter continuous spectrum than in Nova Cygni 
may explain why F should be seen last in one case and 500 in 
the other. 

I have already pointed_out that in Novfe we have not simplv 
to deal with one state of condensation of a swarm. At least two 
swarms are concerned, and these are not necessarily of the same 
density. It tlierefore becomes interesting to attempt to re- 
produce the spectrum of a Nova by integrating the spectra of 
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two or more swarms of meteorites, each of which is at a stage 
of condensation different from the others. Such an attempt is 
shown in Fig. 56, where the spectra of Co^ia's comet and the 
planetary nebula G.C. 4373 are integrated. The comet at this 
stage allowed the carhon spectrum, the blue band having two 
masdma. In the resulting integration the green cometarj' 
bands are almost masked by continuous spectrum, whilst the 
blue one remains visible, exactly as it does in the bright-line 
stars,' The nebula line 495 was probably too faint to be 
detected. The line 500 was also faint, and this and 495 were 
probably partly masked by the continuous spectrum, which 
would be slightly brighter in that part of the spectrum than at 
F. Tlie continuous spectrum would be brightened by the 
coUiaiou of two swarms, and hence it ia necessary to add con- 
tinuous spectrum iu the integration. 

The magnitude of this Nova varied from 2 on May to 9 on 
June 7. 



Nava. Gygni, 1876-77. 

This star was discovered by Schmidt at Athens on Jfovembei 
24, 1S76. Its magnitude was then 3'0, and its colour a reddish- 
yellow. On December 5 the magnitude was 59, and it steadily 
diminished in brightness, until on March 10 its magnitude was 
8'3. In 1882 Dr. Copeland found that it had decreased to tlie 
14th magnitude. 

The spectrum was observed on several occasions by Comu, 
Vogel, and Copeland. The earliest observations appear to have 
been made liy M. Cornu, who recognised bright lines on Decem- 
ber 2, hut was unable to make any measurements. Two days 
after, a more complete examination of the spectrum was made, 
and on this occasion the positions of the lines were measured. 
Eight lines were bright enough to be recorded, but no dark 

' Proc. Roji. Son., vol. iliv, p. 33. 
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lines were seen. He saya,' " The dark liuee, if they exist, must 
be very fine, and rtmst have escaped me, on account of the very 
feeble light of the star." The following are the wave-lengths 
of the bright lines observed, the Greek letters indicating the 
relative intensities, a being the brightest : — 

a. S. y. 0. i. ,. a. I. 

661 68S 531 617 500 483 461 435 

The lines a, S, tj, and e were doubtless C, D, F, and G respec- 
tively, and M. Comu points out that the remaining lines, with 
the exception of the one near \ 500, are nearly coincident vrith 
the . lines which occur most frequently in the spectrum of the 
solar chromosphere. The line y is regarded by M. Comu as 
possibly coincident with the coronal line 5315"9. ff he believed 
to correspond with the b lines of magnesium. He further 
states that— 

" The feeble line fl corresponda also to a, line, x = 447, of the chromo- 
B])here ; one ia thus led to think that the Hub S correHponda rather to the 
bright line of the chromoaphere, X = B87 (helium), than to that of sodium, 
589. If this interpretation b xcurate, the bright lines of the spectrum 
of the atar comprehend inclusively the brightest and most frequent lines 
of the chromosphere." 

In the diagram of the spectrum wliich aucompanies M, 
Comn's paper, there are shown three maxima of brightness 
which are not referred to in bis description. These have been 
reduced by a curve, and their wave-lengths found to be approxi- 
mately 546, 563, and 635. These agree very well with lines 
observed by Vogel. 

Vogel thus summarises the lines which be observed, 

(1) The hydrcieen lines, Ha ) . . , 
j^^ j certainly. 

Hry, most probably. 

(2) A line of the wave-length 499 + 1 max. This line 
Cornea into pretty close agreement with the brightest line of 




^^^H the nitrogen apectrum uniler ordinary pressure ; it is the 
^^^H line which is brightest in the spectmni of the uebulfe. 
^^H (3) A famt line at X 580. 
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Fig. 57.— Vogel's observations of Nora Cjgni. 
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(4) A similar one at 467. (This ^rees pretty well with a 
;i'oup of lines close together in the Bpeetrum of air.) 

(5) There were also bright lines seen in the region of i anil 
^., but nothing certain could be ascertained about their position 
At the first obsen'ation on December 5, two lines were meaauret 

n the bine (4'74 and 470) ; these were again seen on December 
f, but in later observations only the second was perceived as a 
faint band (X 467). 

For further information the maps must be referred to, for 
IB Vogel stJttes, they show several details which can hardly be 
>ut into words, 

Vogel refers to Comu's observation, and states that he cannot 
igree that " the atmosphere of the star possesses exactly the 
5ame composition as that of the cliromosphere of the sun." His 
pliief objection to this view is that the line near 500, which is 
lot in the chromosphere, was distinctly seen along mth other 
bright lines in the star's spectrum, and eventually became the 
strongest line. 

Dr. Copeland' also made a lar^ aeries of observations, but 
he was not able to commence before January 2, 1877. He 
continued his observations to February 16, and reeommencet 
on September 2. 

On January 2 five bright lines were recorded. The measure- 
ments show that two of these lines were the C and F Hues o 
lydrogen. Two series of measurements were made, and for 
the other three lines the following wave-lengths were deter- 
mined : — 






iBt HiTieg. 


2nd series. 


Notes. 




677-9 
502 ■* 
463-4 


579-0 
S05-1 
466-8 


Bright band fading rapidly on both eideB. 
Bright well -defined lines. 
Faint bttod. 


1 


^^l ' Copernieni, toI. ii, p. 102. 
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There can be little doubt that these correspond to the lines 
measured by Vogel at 580, 499, and 470 (some measures 467j 

On January 9 seven lines were measured, and it was fm 
stated tliat " the space between the red line (C) and tlie 
one (D) was certainly columnar, and probably contained 
maxima." These were probably identical with those seen 
Vogel, and they have therefore been inserted in the 
(Kg. 67). 

Dr. Copeland' gives as the adopted means of liis observatiooB 
lines at \\ 656'2, 589-5, 577'5, 502*3, 486-1, 463-5, and 437'6. 

The star was not again observed until September 2, 1877 
(the estimated magnitude being 10'5), when the startling faot 
was at once apparent that the spectrum was restricted practi^ 
eally to a single line. The measurements show that this 
the line near 500. On September 6 it was observed thaVii 
addition to the chief line, there were traces of one or two 
on the violet side of the chief line, but very close to it. 
this date it was noted that the star did not give a sharp 
hut that the " extreme diameter could not be above 2 seconds 
or IJ seconds." On October 1 the star was examined with a 
view to detecting any very faint continuous spectrum, but 
nothing of the kind was visible. On October 10 Lord Lindsay 
noted that — 

" Since tlie loat measuree a, decided change ie to be seen, as tbe light ia 
more Hprnad outj Tte mean brightness is stiil aa before, but is divmblft 
into two lines very close together with a. dark gap, and then another n 
faint line." 

Measurements of the three lines gave XX 499'5, 492-2, 
The latter two " were too feeble and too near together 

effectively measured separately." 

But, regarding this, Copeland remarks that — 
" The faint extension of the spectrum of this star towards tbe t 

measured on October 10, 1ST7, was seen with so much difficulty that it 
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On October 25, 1877, Vogel succeeded in makiDg another 
oiiservatdon of the star's spectrum.' He says: — 

" The Bpectmm was almost monochroroatic ; it consisted of o 
liijo, on both Bidea of which a -very faint continuous spectrum could 1 



This was measured at ■wave-length 499. This observatioi 
was again confirmed on February 18, 1878. 

Copeland remarked : — " 

" Bearing in mind the history of this ataj- from the time of its discover 
\>y Schmidt, it would seem certain that we liaTe an instance before u 
wliicli a stAT has changed into a planetary nebula of small s 



and again,' 

" It seems, therefore, not unreasonable to assume that in the c 
planetary nebula, the whole light of which did not equal the light o 
luth magnitude star, the sf>ectruffl might he reduced to a single 1 
that this line wonld then be the one of which the wave-lsngih may 1 
taken at 500-4." 

Hence we see that on and after September 3, 1877, the i 
line seen with certainty was the line near 500, which ham 
gradually increased in brightness since the first observatioitp 
made on December 5, 1876. AH the important spectroscopica 
observations of Nova Cygni are shown in Fig. 68. It is evide 
tliat the hydrogen lines were seen by all the observers, ai 
notwithstanding the shghtly divei^ent measures, they have : 
been inserted in their proper places. This also applies to t 
line near 500. The yellow line we now know must ha 
been D', and there is also no doubt about 4472. There is 
little more difBculty with the lines in the blue, as Cornu and I 
Lobse differ from Vogel and Copeland. Cornu measured a blua | 

' Berliit Aiad. Monattber., 1878, p. 302, 
' Alt. Nach., Po. 2158. 
= CopemicKi, toI. ii, p. 113. 
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line at 451 ; Lohse's is approximately estimated at 4G2, while 
Vogel measured a line at the mean place 467. Copeland mea- 
sured the line as 463'5, but be ia evidently of opinion that 
Vogel'a wave-length is the more correct, on the ground that it 
agrees with one of the bright bands in the spectra of the brighc- 
liue stars in Cygnus. No accurate measures were made of the 
groups of lines in the green indicated in Vogel's map, and the 
positions of these have been estimated by reference to those 
stated to be near 514, 527, and 508. 

Secchi also made some observations of the spectrum,' and he 
was of opinion that one of the bright lines coincided with 
hydrogen, one with magnesium (S), and a third with sodium 
(D), Referring to this, Vogel says somewhat too hastily : — 

" In this he ia iiertainly mistaken, tor on January 8 tbe Hues in the 
iieighbourhoocl of the magnesium group were quite faint, and at D there 
waa not a single bright line to be seen. The bright lines which he 
noticed had the wave-lengths 500 and 580 mm., and were pretty far 
distant fiom the sodium and magnesium lines." 

It will be noticed that Secchi's observation agrees to a large 
extent with that of Cornn, which has been justified by subse- 
quent work. 

"With regard to the origins of the lines, we have first un- 
questionably some of the bright lines of hydrogen and of 
helium. These gradually dimmed as the star diminished in 
brightness. Again, there was a liue near X 500, apparently 
coincident with the chief line in the spectra of the nebula, 
which brightened as the other lines faded. 

Tbe next in order of importance is, perhaps, tbe line or band 
in the blue between F and G, which Vogel at first saw double 
(470 and 474), and afterwards single, with a mean wave-length 
of 467. Copeland described it as a " faint band," and gave its 
mean position as 463'5. It is more than likely that this was 
the compound fluting of carbon in the blue, seen at first with 

• AH. Nach., No. 2116. 
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two maxima, as in Nova Corona and Comet III, 18S1, etc., 
and afterwards with a single maximum at 4G8. This banil 
agrees in position with the bright band seen in the spectra of 
bright-line stars (e.j.. Wolf and Bayet's stars in Cygnus, See 
atiie, p. 149). ^m 

Vogel also refers to this relation. The two maxima Srat^H 
seen, however, were not recognised by Vc^el as being the same 
as those observed in Nova Coronte, although he pointed out 
that the green line 500 was common to the two as well as the 
hydrogen lines. In Nova Coroute there were simply the 
brightest lines which were afterwards seen in Nova Cygni 

Another important line is the one at 579, about which there 
is no disagreement between Copeland and Vogel. This is un-yj 
doubtedly the same line which is seen in the bright line stars 
in Cygnus, as pointed out by Copeland, and I have previously 
ascribed it to an iron line which is seen brightest in the Same 
spectrum.' 

One of the lines in the green is probably also an iron line, 
527, the next in intensity to the line at 579. This died out hi 
the Nova before the line 579, and this is what should happen , for 
in the laboratory 579 is seen without 527 in the coolest part ol' 
the flame. The tliree lines or bands near 564, 552, and 546, 
are quite familiar in cometary spectra. The first two of theui 
are probably the 1st and 3rd members of the citron carbon 
fluting, the intermediate one being masked, as lu Coggia's 
comet on June 13, 1874" The one at 546 is the fluting due to 
lead, which has frequently been recorded in comefcary spectra. 

The two bands shown in Vogel's map, at wave-lengths 513 
and 517, are probably also carbon bands seen in comets. The 
less refrangible one is the brighter, exactly as it was in Coggia's 
comet, on the occasion just referred to. 

On December 5, 8, and 14, Vogel recorded. : 

' Froc, Boy. Roc, Tol. iliT, ] 
- Ibid., lol. iIt, p. 175. 
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between F and the line 500. One of these ia doubtless tlie 
nebula line 495 ; the two between thia and F are probablj- 
identical with two shown in my photograph of the spectrum of 
tiie nebula in Orion.' The oUier line has not Ireen identiBed. 

Another line of considerable interest is that observed by 
Vogel and Coruu, near \ 531, i,e., near the corona line. In 
Vt^el's obaervations, the line is always associated with the iron 
lines E and 519, and as great accuracy is not claimed for the 
measures, it is quite possible that it is simply the third brightest 
iiame line of iron at 5327. In the map it is represented as 
being fainter than 527, and this ia quite consistent with thia 
origin. Corau represents the line without E or 579, and sug- 
gests that it is identical with tlie corona line. 

The line near 635, recorded by three observers, is no doubt 
the same as that seen in the spectra of the bright line stars of 
Cygnus. No terrestrial equivalent has yet been found, but a 
line in this position is seen in the apectmm of the Limerick 
meteorite. 

It is thus seen that practically all the lines and bands in 
Nova Cygni can be explained by reference to laboratory work. 

It ia extremely interesting to attempt to build up the spec- 
trum on any given date by integrating the spectra of comets 
and nebula, or nebulce and bright-line stars, which we have 
reason to believe to be swarms o£ meteorites. Some of these 
integrations are shown in the diagrams (Figs. 59, 60, 61). As 
in NovEB we have to deal with collisions of swarms of meteorites 
of different densities, in such integrations it is necessary to 
take swarms of different degrees of condensation. 

The first integration shown (Fig. 59) ia for the spectrum of 
December 8, as observed by Vogel. In thia case the spectrum 
is reproduced almost line for line by adding together the spectra 
of a nebula, Coggia's Comet (June 13, 1874), and the Great 
Comet of 1882 at perihelion (brightest lines only). The only 
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iinea of importance which are in the Nova and not in the iute- 
gration are C and a line near 635, and we know that these are 
associated with the spectra of meteor-awarms ; C occurs in 7 
Cassiopeiffi and (9 Lyra?, and the line at 635 occurs in the hright- 
line stai'3 in Cygniis. This integration strengthens the view 
that NoVR Cygni was produced by the collision of swarms of 
different densities. In such a case, there would first be the 
coUisions between the two sets of outliers, then the denser 
part of the smaller swarm would enter the outliers of the 
larger, and finally the densest parts of both swarms would 
come together ; so that, in this way the resulting temperature 
effects may be very complicated.. 

The spectrum of the Nova on a later date, January 27, 1877, 
is considerably simpler than that of December 8, and may be 
almost perfectly reproduced by integrating the spectrum of a 
planetary nebula and that of 7 AigQs (Fig. 69). All the lines 
ill the Nova on this date are shown in the integration, with the 
exception of the C line. The integration, however, in this case 
allows the lines at 495 and 568, which were not recorded in the 
Nova ; but their absence wels probably only due to difficulties 
of observation. The line at 495 is excessively faint iu some 
nebulae. 

The spectrum of the Nova on Mareh 2 was still simpler than 
on former days, and can be fairly reproduced by adding together 
the spectrum of the bright-line star, Lalande 13,412, and that 
of a planetary nebula which shows only the chief line of the 
uebulse. This is shown in Fig. 70. The temperature in this 
case is obviously very much lower. Wei get only the lowest 
temperature line of iron at 679, of m^nesium 500, the F line 
of hydrogen, and a slight indication of carbon. The absence 
from the Nova of the line near 540 is probably also due to 
difficulties of observation. 

It will thus be seen that the complete discussion of Nova 
Cygni generally bears out the statement I ventured to make 
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after the prelimmary inquiry in November, 1887, viz.: "This 
star passed through all the changes of temperature represented 
by stars with bright lines, cometa, and nebulie," 

The magnitude of this star varied from 3 on Kovember 24, 
1876, to llj on February 18, 1878.' 



Nova AndroTnedm, 1885. 

The spectrum of Nova Andromeda; was first examined by 
Dr. Copeland on September 1, 1885, when it was found to be* 
" continuous from end to end, and only on close examination 
could slight condensations, indicative of bright lines, be de- 
tected. The spectrum was not considered to differ strikingly 
from that of the nebula." At this time the star was " yellowish " 
in colour, on September 3 it was " full yellow." A close spec- 
troscopic examination, however, was not possible until Septem- 
ber 10, when Dr. Copeland wrote : — 

" With tlie unmagnified disperaion of a direct-vision Vogel apeotroscope 
the spectrum extended from W.L. 670 mmm. to 453 nimm., or, from 
between E and C to half-way between F and G. When the apectnim 
was sufficiently nsurow aU the eoloura were visible, with a suspicion of 
brighter points in the line. An attempt was made to measure these with 
the GrubL spectroscope and a flint prism of only 40° refracting anglH. 
The instrumental change cut down the spectrum to the Umits of 600 mmrii. 
and 456 mmm., with a maximum at 544*41 mmrn., and a suspicion of a 
bright line, but hardly more at 482'2 mmm. With the, same apparatus 
the spectrum appeared quite continuous on September 11, but again 
showed traces of bands on the 13th, and was slightly bajided on the 16th. 
Traces of a condensation of light were seen at "W.L. 47r6 mmm, on 
September 20." 

Using a special acute prism of only 15° angle, it was noted : 
" Only traces of two brighter points towards tlie yellow end of 
the spectrum could be made out on September 30, the rest of 
the spectrum appearing absolutely continuous." On October 1, 

' Alt. Nofh., vol. Imii, 1877, p. 43. Berlin Akad. Manatsler., 1877. 
Jioticel, B. A. S., Tol. ilvii, p. 50. 
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these two lines and another fainter one were measureii, ( 
mean wave-lengths being as follows, 546-8, 514-0, 4892. 

Dr. Copelaud thought that Bome of the discordances of tho 
measures were due to the indeterminatenesa of the objects 
measured, and noted that, making due allowance for this tiii- 
certaiuty, it seema probable that the three " bright " bands are 
identical with the three brightest bands afterwards measured 
with tiie same apparatus in Mr. Gore's Nova Ononis, of which 
the brightest parts were at wave-lengths 542"^, 516'3, and 
4944.' The trace of a condensation of light at "W.L. 471'6, 
seen on September 20, agrees well with the bright line in Nova 
Orionis at W.L. 472'2 ; while the maximum of light in Nova 
Andromedie at 5444, on September 10, is closely in accord with 
that for the star in Orion at 542-8. The only really discordant 
item is the point laid down at 482-2 on September 10, which 
does not correspond to any known bright band in the spectra of 
^'ariable stars ; it was, however, entered in the note book . . . 
as " a suspicion of a bright line, but hardly more." But if it 
does roughly i-epresent the position of a " bright " line actually 
visible in the spectroscope, one would feel inclined to regard it 
as a trace of the F line. On October 2, the spectrum jwe^^ted 
the saute appearance as on the preceding day. On October 19. 
it could be still noted as continuous, but not uniform, with the 
Vogel spectroscope. Dr. Copeland remarks (p. 55) : — 

"Although the foi-egoing results differ wiiiely from those obtained at 
Greenwich and alao at Yale College " [which will be given auhsequently], 
"aa regards the three chieflinea the obBerver caamot doubt aa to their 

general correctness Beaitles, in the case of an object losing »o 

rapidly its power of emitting light, it ia quite poaaible that the spectrum 
may have slightly varied from day to day 

" In concluBioB, it aeema worthy of remark that the apectrum described 
above ia the aame as that given by any ordinary hydrocarbon flanic, 
burning so feebly that the speotrnm of the blue base of the flame is jnat 
begiimiug to show through the continuoua spectrum afforded by the whiU' 
part of the flame." 
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On September 1, Professor Vogel observed the spectrum and 
noted that the red and yellow were bright and the green faint. 
He also found dark lines or bands, one between the yellow and 
yreen, and another between F and G.' 

Dr. Huggina communicated hia observations of Nova Andro- 
medte to the Observatory for October, 1885. They are as 
follows : — 

"The star was observed here firsl on the night of the 3rd instant. It 
preaenled the appearance of an orange-coloured star of from the 8th to 
the 9th magnitude. With a Bpectroaeope of low dispersive power, a, con- 
tinuoaa spectrum was seen from about C in the red to a httle beyond F. 
There waa an apparent condensation of light from about D to 6, which 
might be due to bright hnea in that part of the spectrum. Tiiia supposi- 
tion waa Htrengthened by the employment of a more powerful spectro- 
acope, but I was not able to be certain on this point. 

" Oh the night of the 9th instant, the star, which was then diatinctly 
on one side of the principal point of coadensation in the nebula, appeared 
to me to have a less decided orange tint, It preaented s, similar appear- 
ance in the apectroBcope, with the exception that the light was leas strong 
about D. I was, so far, confirmed in ray suspicion of bright lines, that I 
have little doubt that from three to five bright lines were present between 
D and 6." 

On September 4, Mr. Maunder noted that — ^ 

""^iri star gave a perfectly continuous spectrum, in wliich no lines, either 
bright or dark, conld be detected. The red, orange, and violet were very 
faint, or altogether warning, the spectrum being traceable from about D 



' " Die iBeobacIituiigcn am 1. and 2. September uber den Stem in Nebcl 
ergeben, dass deraelbe auoh bei Bt&rlterer VergrOeserung (560 f.) Tolltommen 
stwnartig bleibt, iind dssB das Spattrum continuiclich ist. Die IntenaitAlen 
der Forbeti iiu Spectrum eclieinen etn'UB abweichend Ton den genohnlirhfn 
Stern spectren su Bcin, indem Both cnrl Geib besonders etark herrortretEn, 
QrUn aber Tarhiltniasniaaiig achwaeh ist. An der GrouaB des Gelb und GHiii 
liabo ich eine dunklo yerwoauhenD Bande vernmthet, eine iwoite cbensolche ini 
Blan zwiaohea F und Q. Im Fall der Slern noch heller werdcn eollte, denke- 
ioh Sicherheit liber weiteres Detail, welchea ich im Spectram Temiutbete, iu 
erlangen. Icli bcmerke Qoch daaa der AndromBda-Kebel contiuoirliclivs 
Spectrum giebt und doaa der Kem dea Nebela h. 61 ein Spectrum Eeigt, wa» 
mit dem dea neupn eiitatandenen Sterna in b. 50 iibereinzuatimoien aclifint." 
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to F, but being acarcel; discernible bej'oDd those limits. The spectnini 
of the star resembled that uf the uebulft preciael;, except, of course, that 
it was brighter, and probably iu consequence of this greater briglitneB", 
was traceable a little further in both directions.' 

Konkoly, writing oa September 5, noted that he observed 
the spectrum of Nova Andromedfe on the previous day.' In 
his words : — 

" yesterday, -when I examint^d the star, it seemed of a reddish-yellow 
colour and very faint. I estimated its diameter at, at least, two seconds ; 
it appeared as a nebulous star. Its spectruin was unexpectedly faint, so 
that it was impossible to use a cylindrical lens. Tiie edges of the spectrum 
seemed to be eureloped in a coloured mist It gives the impression of 
bright fields on a dark ground, Rnd in the red, yellow, green, and blue a 
broad band is seen. If this be the case, these broad bright regions would 
correspond to the hydrogen lines C, F, as well as D", and at an enormously 
high pressure. A similar broad field is also seen in the green, which 
certainly cannot belong t-o the group named. I nhould be inclined to claw 
the spectrum with Type IH6, and Professor Bitter coincides iu this view. 

" It must not be overlooked that the violet part is absent in the spec- 
trum ; and shortly behind the region of F the spectrum is just as if cut 
off. Tills observation was confirmed by Dr. v. Kovesligetliy." 

Mr. 0. T. Sherman, of Yale College Observatory, also made 
some observations.' 

Some observations of the Nova were made by Dr. Lohae with 
the 15'5-inch Cooke refractor, at Mr. Wiggleswortli's Obser- 
vatory.* 

On September 3 it was noted, — 

"The spectrum is continuous, no lines could be distinguished in it 
with the Browning and Maclean spectroscopes. The bright C line wn 
very well seen in y Caasiopeite." 

The late Eev, S, J. Perry recorded : — * 

" The Nova in Andromeda haa been observed at Stonyhurst on every 
favourable occasion from September 13 to November 8. On Septemhu' 



» my paper p. 437. 



' For obBervatioDB in detail, 

' AH. Ifach., No. 2081. 

' Ibid., No. 26S1. 

* Moathly NaticBi, S. A. S., voL ilti, p. 299. 

' Ibid., p. 22. 
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13, the spectrum was found to be coutinuouB, but the red end waa absent, 
and there was a, decided maximum in the green. A bright band in tbe 
green waa suspected, but not clearly seen. The spectroscope was carefully 
focuased on the lines in the spectrum of fl Andromeda, which were well 
seen, before being turned on the nebula of Andromeda, On Oct'iber 9 
the speetnim was still brightest in tiie green." 

The following table brings some of these observations together' 
for reference : — 



Date. 
18S5. 
Sept. 10 

ill!} 

„ ao 

„ 30 

Oct. 1 

2 


Obaarver. 
CopBliindi__ . 

Miunder . . 
Copeland.. 


471-6 


4S3 
4S6 

48t» 
4W 


617 
517 
517 


537-536 
5327 


6U 

648 

546 
54R 
546 


551-564 


Suggested origins. 


C 
463-474 


H 
436 (F) 


C 
5U 


Fe 
527 


Pb 
B46 


568 



^^K ' Lishb 1e^ strong about D. 

^^^B ^ Speotram sbarplj tenuinated about J}. ' 

From the foregoing it will be evident that the observations 
were extremely difficult throughout, owing partly to the dim- 
ness of the star, and partly to the character of the spectrum. 
It must also be pointed out that the spectrum obsen^ed was the 
integrated effect of tbe apectruin of tlie Nova and the spectrum 
of the nebula itself, the nature of which I pointed out in 1388.* 
Even the observation of the spectnini of the nebula is one of 
considerable difficulty, especially when tbe sky is at all hazy. 
Jt then appears simply as a faint continuous band of light, but' 
when the sky is clear it is seen to have at least three maxima. 
It is evident from the observations of the Nova, that on some 
occasions the bauds in the spectrum of the nebula were observed , 



omplete list of tvU obaor 
■■* JroD, Roi/. Soc., vol. ilv, j 



Q mj oamplete paper, p. 430. 
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in ftddition to those special to the Nova, whilst on others they 
were not. This appears to have heen especially the case in the 
later observations when the Nova had become dim, and this is, 
of course, what would be expected. 
I wrote in 1888 :— ' 

" We have seen that aome planetary nebula, give the same spectrum as 
a comet at aphelioD. It appeared that if the Neliula of Andromeda were 
further advanced than a planetarj uebula iu condenaation, it should give 
a Hpectmm approximating to one of the more advanced cometary stages 
vhich have beeu alreaiiy dia;uaaed. 

" The spectrum of this nebula has hitherto been regarded as a perfectly 
eontinuouH one, but the observntious referred to show that there are Bome 
parts brighter than otliers. The apectmm is almost entirely wanting in 
ted and yellow light. 

" In the green there are t-s-o maxima, the brightest of which iii at 
wave-length 517, na near as could be determined with the wide slitwhich 
it was necesnary to employ, the other maximum ia near 54S. die of the 
observers, Mr. Fowler, made six independent measures of the maxima on 
November 20, and got very nearly the same result each time, comparison 
being made with the spectrum of aBunsen, and the spectrum of chloride of 
lead at the temperature of the Bunsen. The measurements were repeated 
on November 27 with the same result, and on this occasion they were 
confirmed by another observer, Mr. Coppen. Another brightnesB near 
474, aa determined by comparison with the Bunsen burner, was also sus- 
pected, but it was not so easy to meaanre as the othera. 

" My Buggestiun as to the origin of this spectrum is that it la the inte- 
gration of very slight continuous spectrum, carbon fluting radiation, and 
the absorption of manganese (558) and lead (546), The citron band of 
— carbon masks, and is maaked, by the manganese fluting, and the absorp- 
tion fluting of lead causes, by contrast, the apparent brightneaa at 546. 
The brightest maximum is no doubt the brightest fluting of carbon at 617, 
and the one in the blue, which was suspected, is probably the blue carbon 
group 468-474. 

"It these observations are confirmed, this nebula is at present at the 
same stage of condensation aa Comet I, 1868, on April 29 (P.P., April SO), 
which must be regarded aa a yratty advanced cometaiy stage, seeing thst 
it was observed so near periheHon aad that the perihelion distance w» 

" The discussion of the observations of Nova Andromedce, which is not 
jet completed, shows that there were bright lines in exactly the sunie 
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positions aa the brightnesaea which liave now bean determined in the 
nucleus of the nebidtu The appearance of the Nova was, therefore, pro- 
bably due to increadned temperatio-e, due to collisions ta,kiDg place between 
the sparser outliers of the awarm composing the nebula and an externa] 
awariu which came in contact with them. The view of the Nova'a 
connection with the nebula is, therefore, greatly atrenf^hened by thiii 
inquiry." 



3 been confirmed by Mr. Taylor,' 
3 at 517-4 and 547'3, and sas- 



These observationa have 3 
who observed two brightne 
pected one iu the blue. 

The only lines seen in the Nova, which are not seen in the 
jiebula, are F, 531 and 558, with, perhaps, D" and C. The 
apectrum of the nebula shows manganese 558, and lead 54G 
absorption, masking the carbon at 564, and making it appear at 
546. The Nova spectrum added manganese radiation 558. 
The line near 530 I have taken aa E (527), the lower tempera- 
ture line of iron at 579 not being visible on account of the 
greater brightness of the continuous spectrum in that region. 
The hydrogen lines C and F were probably due to collisions of 
the outliera of the two swarms. Mr. Sherman^ recorded F aa a 
line in the nebula, whilst Mr. Maunder noted that the line at 
548 could be traced over or near the nucleus of the nebula, thus, 
to a certain extent, confirming the Keuaingtou observations- 
There is also evidence in the observationa to show that the con- 
tinuous sipeetrum fluctuated iu relative brightness during the 
visibility of the Nova, The effect of a brightening of the con- 
tinuous spectrum would be to mask the faint lines in the green 
or yellow whilst affecting but little any that might occur in the 
blue. Lohse's observation of a " faint part, midway between F 
Mid G," in the absence of other lines, is a case in point. It is 
not unUkely that this was really the blue carbon band which is 
seen in the nebula ilaelf, although its position was only roughly 
estimated. 
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Again, on Sepiember 20, Dr. Copeland observed traces of" 
condensation of light at wave-length 471 "6, and this also was 
probably the blue carbon band of the nebula, other lines bein^^ 
masked by the brighter continuous spectrum. On other occa- 
sions, not even the faint blue band waa seen, the spectrum being 
recordeii as quite continuous. 

As the brighter continuous spectrum due to the Nova gradually 
dimmed, the bands of the nebula in the green became more 
prominent. 

It is thus seen that although there does not appear to have 
been a regular sequence of events in the spectrum of Kova 
Andromedai, as far as the actual observations go, it is probably 
due to difBculties of observation, and to the fact that the 
spectrum of the Nova was superposed upon that of the nebula. 

The apparent variations from day to day are possibly not all 
real, and it is hopeless to attempt to explain them all by refer- 
ence to the effects of a gradual fall of temperature. The star 
only dimimahed about two magnitudes during the period in 
which spectroscopic observations were made, and hence the 
change of temperature would not be so great as in Nova Cygni, 
Mid consequently the variations of spectrum would not be so 
evident. 

No lines or bands were recorded in the spectrum with wl 
we are not familiar in otlier bodies. 

The line at X 546, which waa seen in the spectrum of 
Nova, was undoubtedly the maximum of light, probably due to 
lead, which is seen in the nebula itself. This is also the prob- 
able explanation of the other lines near X 517 and X 473, the 
latter being only observed on one occasion. The additional 
lines due to the collisions, which produced the Nova, were, 
therefore, F, 5327 and 558, if we neglect Konkoly's doubtful 
observation of C and C The appearance of the hydrogen line 
F is exactly what would be expected from what we know of its 
appearance in such stars as Mira, when, by additional collisions 
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due to tlie periastron pass^^ of a revolving swarm, the 
reaches a maximum. The line uear \ 558. seen hy Mai 
and Sherman, was in all probahility due to the hi-ighteat 
ganeae fluting at the same waA'e-length, which is very frequ* 
recorded in cometary and otlier spectra. This, and the line 
5327, which was most likely the iron line E (\ 5268) were 
prohahly produced hy local colliaiona in the denser parts of t] 
swarm. 

Fig. 62 will show how the spectrum of the Nova, 
Copeland, on October 1 and October 2, can he reproduceii, 
adding the spectrum of hydrogen to that of the Andromi 
nebula. The third baud of the uebida was not seen, but tl 
always most difScuIt to observe. At this time, then, the only 
line special to the Nova was F, and this, it will he remembered, 
was seen last in Nova CoronEe. 

The star when first seen on August 19, 1885, at BelfatAj 
Mr. Ward, was of the ninth magnitude ; it decreased 
thirteenth magnitude by February, 1886. 

The Sequence of Phenomena in the Spectra of Not« 
Sequence of Spectra,. 

If the appearance of a new star he due to the collision of t 
meteor swarms as I have suggested, it is obvious that \ 
spectroscopic changes should follow the same order as ^ 
observed in the spectrum of a comet during its passage f 
perihehon to aphelion, when differences of observing conditions, 
and the relative physical conditions of the two swarms whicli 
produce a Nova, are duly allowed for. 

The following map (Fig. 6iJ) shows the theoretical sequence 
from this point of view, commencing in the first horizon with 
one swarm sufBciently sparse to give only the bright lines of 
hydrogen and flutinga of carbon, and the other suf&ciently 
dense to give dark D and h and the flutings of le 




and iron, w'ith bright carbon flutinge. The first horizon accord- 
ingly shows the integration of these two spectra, and subse- 
quent ones the efiects of cooling ot the mixed swarm. 

None of the ibur Novas, which have been spectroscopically 



examined, have shown the complete sequence of changes indi- 
cated in the map, but Nora Cygni passed through moat of 
them. 

As the Nova decreaaes in temperature, and, therefore, in 
light, the line absorption disappears and the metaUic fluting 
absorption decreases ia intensity. Carbon radiation, and the 
hydrogen lines, C, F, and G, remain about the same as 
before horizon (2). 

The next stage (3) brings as to a condition represented by a 
swarm of Species 3, Group II.' The manganese and lead 
absorption at 558 and 546 respectively, are now overpowered 
by the carbon radiation at 564, whilst the absorption of the 
second manganese fluting at 586 is atill apparent. The hydro- 
gen lines, C, F, and G, remain almost as before. 

On the following horizon (4) is represented the radiation of 
lines and iiutings. The manganese and lead radiations are 
visible. The brightest iron and ms^esiimi lines are seen ; also 
sodium, D, and the line at 495, whilst the brightest edge of the 
magnesium fluting at 500 is just visible. This was a condition 
observed by Vogel in Nova Cygni, on December 8, 1876. It 
was also observed in the Great Comet of 1882, when near 
perihehon. 

The condition following this (5) is that in which lead and 
manganese radiation have disappeared ; the three carbon flutings 
are well seen, C, F, and G are rather fainter, but the fluting at 
500 appears brighter. The 495 line and the iron line 579 are 
still seen, the other iron lines in the green being masked by 
the brightness of the continuoiis spectrum. This condition was 
approached in Nova Cygni on February 2. 

On the following horizon (6) the 564 carbon fluting is not 
visible, and the 517 fluting appears almost as a line. The iron 
lines, 579 and E, are now visible in consequence of the f 
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of the continuous spectrum. The hydrogen lines are still visible, 
whilst D has disappeai-ed. The two magnesium flutinga, 5210 
and 500, are each represented, the latter being the brighter. 
This stage in the sequence was observed in Nova Cygni on 
February 2, and tlie brightest of the lines in Nova Coronie, 
May 19. All the lines have been recorded in the spectrum of 
the nebiJa in Orion. 

Both the carbon flntings, 517 and 564, now disappear (7)v 
having become bo pale that they are masked by the continuous 
spectrum, whilst the 468 maximum of the carbon fluting is 
visible, because the continuous spectrum does not reach it. F is 
the only remaining hydrogen line, and 579 the remaining u-on 
line, this being the line visible at the lowest temperature. 495 
is rather fainter, whilst 500 has increased in brightness. Tliis 
stage was observed in Nova Oygni on March 2, 1877. The 474 
ciirbon is the next to disappear, and three lines only are left :— 
F, 496, and 500 (8). The nebula G.C. 4373 and many others 
give this spectnim. No observations of Nova Cygni were made 
between March and September, 1877, and it is between these 
dates that this stage would have occuired. 

With regard to Iiorizon (9), the nebula G.C. 2343 and many 
others give a spectrum consisting of two lines, 495 and 500, and 
Lord Lindsay observed in Nova Cygni, on October 10, 1877, a 
line at 492 (as well as the line at 500), which was moat prob- 
ably the nebula line at 495. 

The last stage in the sequence is when the 500 fluting 
i-emains alone (10). This was observed in Nova Cygni by 
Vogel and by Copeland ; it is the only line in the G.C. 4403, 
and, as I have shown in the appendix to the Bakerian Lecture, 
it is the characteristic line of comets when at a great distance 
from the Sun, and was observed by Dr. Huggins in 1866 and 
1867. 

It should be remarked that this is only oue hypothetical case 
of a Nova, and that there may be couaiderable variations from 
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it, according to the initial conditions of the two swanaa which 
produce the Nova by collisions. Thus, in the case of Nova 
Audromedffi, one of the swarms already existed as a nebula and 
the collision with the other swarm only sufficed to bring out a 
few more lines, including the F liue of hydrc^eu. Here, then, 
the initial spectrum would be diHerent, and the subsequent 
changes would not take place in exactly the same order. The 
integrations which have been given, however, show that it is 
possible in any of the Kovie which have yet been spectroscopic- 
ally observed to get a good idea of the states of disturbance of 
the two swarms after the first collision. 

It is important to compare this sequence with that which I 
have already given for comets,' for, though the conditions are 
difierent, there will be a certain similarity, since both have to 
be regarded as meteor swarma. On the first three horizons of 
the Nova sequence we Lave mixed radiation and absorptiou 
phenomena ; this also occurs in comets, though the difference in 
the brightness of the continuous spectrum does not make it so 
obvious. On the fourth horizon of the Nova sequence we have 
carbon, manganese, and lead radiations, which also occur in 
comets ; but, in addition, there are lines of hydrogen and othei' 
substances due to the compound character of the swarm. 
Finally, both NovEe and comets give one liue, the chief line of 
the nebulae, which is probably due to magnesium. It will be 
seen that the spectra of Novie are, in general, more complex 
than those of comets, which result from the collision of twu 
swarms of different densities. 

Variations in Magnitudes. 

In each case where the spectra of new stars have been 
observed the evidence tends to show that the star waa hottest 
at the first observation ; the absorption lines giving way to 

' Proo. Eoi/. Soc, Tol. iIt, p, 190 ; Mtleorilio Sypothetit, p. 211 





bright lines in Nova Coronse, the brightest Unea fading away 
one by one in Nova Cygiii, and the carbon becoming more 
manifest iii Nova Andromedfc, all go to show a diminution in 
the temperature of the star after the first observation. Indeed, 
in only one case, that of Nova AndromediP, have I been able to 
find any evidence of a naw star increasing in brightness after its 
discovery. Assuming that the Nova was physically connected 
with the nebula, this increase of brightness is exactly what 
would be expected from a consideration of the beautiful photo- 
graph obtained by Mr, Koberts, which shows that the nebula is 
really a spiral system. We have only to suppose the incoming 
Bwami to pass from the outside to the inside of one of the 
spirals — a region of gradually increasing density — to give the 
required explanation- 
It is very probable that a Nova woidd be overlooked until 
transeendentally bright, and the observations of the magnitudes 
of Novie show that such has been the case. It ia, however, 
essential to my theory that the increiLse in tempRrature and in 
luminosity shall be mucli more audden than the decrease. 





Flo.flS.— Tlieliglit 

The first observations of Nova Corona, which showed t 
same absorption lines as a Ononis, indicate a comparatively 
high temperature, and it also was a Nova that Hashed out v 
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suddenly. M. Courbebaisse and Mr. Baxaodall' held that the 
Nova could not liave been conBpicuoua two days before its 
discovery, and were confident it was not visible three days 
before. Many other observers support this statement. Hence 
it ia evident that in these cases we are dealing with the 
coDiaiona of two rather condensed swarms of meteorites, tlie 
consequent teini>erature being high and the increase in light 
enddeii. In Nova Andromedie, where the increase in luminosity 
was not so sudden, the temperature was not nearly so high. In 
this case we had moat probably to deal with the collision of two 
s not nearly so disturbed as in Nova Coronae ; perhaps a 
slightly condensed awarin passing through the Andromeda 
nebula, in which case the increase in temperature would be 
more gradual and comparatively small 

Nova Cygni decreased in magnitude in a very similar manner 
to Tycho Brahe's Nova, dimming very suddenly at firat, and 
more slowly later on. In three months the Nova fell from the 
3rd to the Sth magnitude, and then the fall from 8 to 11 took 
twelve months. The biightness of this Nova, as well as its 
long period of visibility afforded the opportunity for many 
observations of its spectrum, the result being that the sequence 
of phenomena, as far as it goes, is much nioie complete in it 
than in any other Nova, which brings us to the conclusion tliat 
other Novie would have given a more complete sequence if more 
epectroscopic observations could have been made. 





The Pirst Glimpses. 

As I said at the conimencement of the last chapter, the dis- 
cussion there given was based upon a paper comnnmieated to 
the Eoyal Society in 1891, 

Fortunately for science, another new star appeared in 1892 ; 
it was known as Nova Aurigse, and two photographs will give" 
us an idea of the sort of thing winch an astronomer sees in the 
heavens when the discovery of a new star is announced. The 
photographs show a portion of the constellation of Auriga,, and 
a star which is very clearly seen in the photograph taken very 
soon after this star had burst upon us, is absent from one taken 
a few months later. 




PlO. 67. — The region in tlio iieavciia where Nova AurigEc was obaerved (1) after 
its diMppearBDcc ; (2) when briglitlj visible (nnarlj in the cectra) , 
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It will have been gathered from the previous chapter that 
since the spectroscope was Erst applied to the stars, three new 
Btars had been observed and epecLroseopicaUy examined. One 
appeared in Corona Borealis in 1866, one in Cygnus in 1876, 
and one in Andromeda in 1885 ; then came one in Auriga in 
1892, and last of all was one in the southern hemisphere, dis- 
covered in 1893, Tlie first three of these were observed by eye 
only, but in the two recent ones we had the immense benefit of 
photographic records. 

It was therefore a very interesting point when a new star 
came along, that we could examine with the powerful instro- 
ments used in modern research, to see whether there was any 
additional light thrown by it upon the problem of two bodies, 
and especially upon one point, in which, if the meteoritic hypo- 
thesis failed, it was worth absolutely nothmg at alL If there 
was any truth in the idea of the light of these bodies being pro- 
duced by the clash of meteor-swarma, when the clash was over 
the swamiB should go back into their native obscurity, or condi- 
tion of low temperature, and should, if they were seen at aE, 
put on the spectrum of sparse swarms in other parts of the sky ; 
that is, they should put on the spectrum of a nebula. 

The appearance of Nova Aurigre fiimished, indeed, a splendid 
opportunity of testing the many theories which have been at 
various times advanced to account for the phenomena. This 
Nova was discovered at Edinburgh by Dr. Anderson, who was 
modest enough to announce his discovery by sending au ancuy- 
mous post-card to Dr. Copoland, the Astronomer I'oyal for 
Scotland, on Febmary 1, 1892. It was then a star of the 5tli 
magnitude, and on confirming the true natm-e of the newly 
discovered star by means of the spectroscope. Dr. Copeland 
made the news public. 

During the next two or three weeks the star fluctuated con- 
siderably in brightness, though being generally on the down 
grade; and by April 2fi bad fallen to the 16th magnitude, so 
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tliat it coulii only be picked up in the very largest t 
ThanJcB to the photographic records of stellar spectra taken at 
Harvai-d, it was possible to learn something of the earlier 
history of the new star. It had really been photographed by 
Professor Pickering two months before its existence was known. 
Up to December 1, 1891, the light of the Nova did not equal 
that of a 6th magnitude star on the photographic plates, but 
from December 10 to January 20, 1892, the star was photo- 
graphed. 



Pig. 68 reproduces a photograph of the spectrum of this 
wonderful star, taken at Kensington. 

I lem-nt from a note in The Tinuis of Wednesday, February 3, 
that a new star had been discovered. The night was fortunately 
fine, and two photographs of the spectrum were taken with the 
same instmment wliich had been employed to obtain stellar 
spectra, a 6-inch refractor with a large prism in front of the 
lens. The first photograph contained thii-teen lines, the second 
more ; the exposures were necessarily long, 

I shall refer to the wave-lengths of the lines later on. 

On the photographs it was noticed that several of the bright 
lines were accompanied on their more refrangible sides by dark 
lines, but as th^ matter was so important, no announcement was 
made till further confirmation had been obtahied. 

Now, the same set of particles cannot be producing bright 
and dark lines at the same time. We were then obviously 
dealing with two sets, and the photographs, therefore, which 
■were taken of the spectrum of this strange body, put beyond all 
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question the fact that we were really dealing with two bodies, 
and not with one. That was very important ; we see from the 

photograph that the spectrum of the Nova first obtained was 
very unlike the spectrum of nebnlse, so that it I'etjuired a certain 
amount of faith, when the spectrum was observed, to suppose 
that after a certain time, when the action which produced the 
greater luminosity was reduced and the light toned down, we 
should eventually get the spectrum of a nebula. 

But this is to anticipate. Let us first deal with the early 
photographs and observations. With regard to these, I mujt 
chiefly rely on the series made at Kensington, for I have not 
yet had sufficient leisure to bring all those made by othera 
together. 

For the eye observations, the new o-foot mirror, figured by 
Dr. Common, was employed, but unfortunately the clock was 
not mounted, so that the observations were difficult. 

C was the brightest line observed. In the green there were 
several lines, the brightest of whicli was in all probability F, 
the position being estimated by comparison with the flame of a 
wax taper. Another line was coincident, with the dispersion 
employed, with the radiation at \ 500 from burning magiiesium 
wire. A fainter line between the two last named was probably 
near \ 495, thus completing the trio of lines which is charac- 
teristic of the spectra of nebidie. There was also a fairly bright 
line or band coincident with the edge of the carbon fluting near 
X fil? given by the flame of the taper. A feeble line in the 
yellow was coincident, uuder the conditions employed, with the 
sodium line at D. 

The colour was estimated by Mr. Fowler as -reddish-yellow, 
and by Mr. Baxaudall as rather purplish. My own impression 
was that the star was reddish, with a purple tinge ; this was 
in the 10-ineh achromatic. In the 3-foot reflector it was cer- 
tainly less red than many stars of Group II. No nebulosity 
was observed either in the 3-foot reflector or the 10-inch 




refractor; uor did auy appear iii a photograph of the region 
takeii hy a 3J-iuch Dallmeyer lens witli three hours' exposure. 

Oa February 7 two more photograplis were takeii ; though 
exposed for a shorter time than the previous ones, they gave 
inany more lines, and supphed ample confirmation of the fact 
that the bright hnes at K, H, h, and G were accompanied hy 
dark lines on their more refrangible sides. 

This important discovery was communicated to the Eoyal 
Society the next day (February 8). I may add that I leamt 
from 27te Staiidai-d newspaper of February 10 that the same 
appearance had been observed at Harvard College Observatory. 

Dr. Vogel saw the doubling on February 14.^ 

^^ The FHOroGRAPiis. 

On the 7th the first photograph was exposed for 1^ hours 
and the second for two hours. The same number of lines is 
shown in both photographs. Twenty bright lines were 
measured by Mr. Baxandall, and their wave-lengths determined 
on Piowland's scale. I shall refer to these in the sequel. 

In addition to the lines recorded in the table, the photographs 
of the spectrum of the Nova showed several lines more 
refrangible than K. They probably include some of the ultra- 
violet hydrogen lines. 

Many of the hnes in the spectrum of the Kova were broad 
although in a photograph of the speeirum of Arctunis, taken 
with the same iustmmental conditions, the lines were perfectly 
sharp. The broadening of the lines was not accompanied by 
any falling off of intensity at the edges, as in the case of the 
hydrogen lines in such a star aa Sirius. With the method 
employed in taking the photographs, long exposures are liable 
to result in a thickening of all the lines, on account of 
atmospheric tremors. The lines would also be thick if the 
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Nova be hazy, as observed at Greenwicli. In the photf^raphB, 
however, all the lines are not equally thick. I pointed out on 
February 11 that, if the lines are similarly broadened when a 
slit spectroscope is employed, the effect must be due to internal 
agitations ; for if difi'erent regions of the Nova were moving 
with varjdng velocity, or with the same velocity in different 
directions, a normally fine line might be widened, as observed 
in the photographs. 

The hydrogen lines and the K line of calcium were very 
br^ht. 

Photographs of the spectrum were attempted on several 
subsequent dates. Those of February 11, 12, 16, and 23, 
however, were insufficiently exposed; still they showed that 
the dark Hues were still more refrangible than the accompany- 
ing bright ones, and that the same lines were present as in the 
previous photographs. A plate was exposed for 2 hoiu^ 
35 minutes on February 24, but no impression was obtained. 
The photograph taken on February 13 was identical with those 
already referred to. In the three photographs of Februaiy 22 
there appeared to be a slight diminution in the intensity of the 
H and K. lines, but otherwise there was no decided change. ^H 



The Eye Obskhvationb, 

On Februarj- 7, with a lO-incli refractor and Maclean 
spectroscope, C was seen to be very brilliant, and there were 
four very conspicuous lines in the green. Several fainter lines 
were also seen, and a dark line was suspected in the orange. 
I noticed that some of the lines, especially the bright one near 
F, on the less refrangible side, appeared to change rapidly in 
relative brightness, and this was confirmed by Mr. Fowler. 

Observations of the spectrum were made by Mr. Fowler with 
the 3-foot reflector and the Hilger 3-priam spectroscope. Of 
the four most conspicuous lin^s in the green, F ia the i 
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refrangible, and comparisons with burning magnesium showed 
one of them to be sensibly coincident with the edge of the 
magnesium fluting at 5006. The least refrangible of the four 
bright green lines was found to be slightly leas refrangible than 
the carbon fluting near \ 517 ; it gave no indications of a fluted 
character, and further observations seemed to suggest that it 
was magnesium b, unle.ss there were a very great change of 
position due to motion in the line of sight. The fourtli line, 
which lies between F and 5006, is about one-third of the 
distance between them fi-om F, and its wave-length, assuming 
the stai' to be at rest, was estimated to be about 490, 

In addition to these, the G line of hydrogen was distinctly 
visible, and also a group of hues between G and F. The latter 
were not measured, as they appear on the photographs. 

Amongst the fainter lines, one was estimated to be near 
X 527, and was probably the iron line at E. By comparison with 
the spectrum of manganese chloride burning in a spirit-lamp 
flame, another line was found to be sensibly coincident with 
the edge of the brightest fluting of manganese, \ 557'6. 

There was a bright line a little more refrangible than C, and 
a line at or near D was faintly visible. 

Later on in the month eye observations were made on every 
possible occasion. The chief variations from those previously 
noted were the general fading of the continuous spectrum and 
the consequent unmasking of the lines between h and D. 
Micrometric measures of four new lines in this region were 
made by Mr. Fowler on February 23 and 24. These, with, the 
other lines observed at Kensington in the region F to C, wUl be 
tabulated further on. 

A light curve of the spectrum from F to C was drawn by 
Mr. Fowler and Dr. W. J. Lockyer on February 22, and con- 
firmed by Mr. Fowler on February 23. The 3-foot reflector and 
McOlean spectroscope were employed in each case. 

B changes which took place in the Nova were exactly what 
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■would be expected according to the hypothesis that new stars 
are produced by the collision of meteor-awarms. The rapid 
fading of tlie etar demonstrated that small masses and not large 
ones were engaged, and this was further confirmed by the ob- 
served dimimition in the brightness of the continuous spectrum 
relatively to the bright lines. If two condensed bodies were in 
collision, it is evident that the bright lines would fade first. 

The Bright and Dark Lines. ^| 

A somewhat similar phenomenon to the bright and dark lines 
observed side by side on the photographs of the Nova had already 
been recorded by Professor Pickering, in the case of ^ Lyne, 
and this has been coniimied by a series of photographs taken at 
Kensington. In this case, the bright lines are alternately more 
and less refrangible than the dark ones, with a period corre- 
sponding to the known period of variation in the light of the 
star. The maximum relative velocity indicated is stated by 
Professor Pickering as approximately 300 English miles per 
second. 

In the case of Nova AurigiE, however, the dark lines in all four 
photographs taken at Kensington were always more refrangible 
than the bright ones. 

There was no evidence of revolution during tlie twenty daya 
of observation. The relative velocity deduced from those of 
February 3, 7, 13 and 22 appears to be about 600 mUea per 
second. As this only represents the velocity in the line of 
sight, we are still ignorant of the real velocities of the two 
bodies. The constant relative velocity indicated by the 
displacement of the bright and dark lines may be regarded as 
confirming the supposition that two meteor-swarms had 
collided, the velocities being so great, and the masses so small, 
that neither was captured by the other. On this supposition, 
the spectrum of Nova Auriga would suggest that a dense swarm 
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was moving towards the earth with a great velocity, and passing 
through a sparser swarm, which was receding. The great agita- 
tion set Tip in the dense swarm would produce the dark line 
spectrum, wliile the sparser swarm would give the hright lines. 
The relative velocity of 600 miles per second seema at first 
sight to he ahnormally great, hut, if we regai'd each o£ the 
component swarms as moving at the rate of 300 miles per 
second, the velocities are quite comparable with those of other 
bodies in apace. The star 1830, Groombridge, for example, 
moves at the rate of 200 miles per second across the line of 
sight, and its velocity may be greater. 

Nova Norm^e. 

Another new star appeai-ed iu the southern constellation 
Norma in 1893. This was discovered on October 26, on a 
photograph taken at Arequipa, Peru, on July 10, 1893. 
Fortunately the photograph was one showing the spectra of 
stars instead of the simple images of the stars themselves, and 
the spectrum was seen to he identical with tliat of Nova 
Aurigje.^ Even more important were the observations of 
Campbell in February and March, 1894, when the star was 
about 10th magnitude. As the i^esult of his work, he stated 
that "there can be no doubt Ihat the spectrum of Nova Normie 
is nebular."' 

There can be little question, now that by modern methods we 
have secured permanent records of two Novie, and find identical 
phenomena, that we are in possession of the main features of the 
problem presented by their appearance. Naturally more details 
are wanted, but the main points in their history are now 
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CHAPTER XIV.— HOW THE HYrOTHESIS HA3| 
FARED. 




We are now in a position to bring together the, results of thfi 
new observations made with instimneuta of modern research; 
to compare tliem with the early ones, and to see to what con- 
clusions they lead- 
in this chapter I shall have, in the first instance, to deal 
chiefly with the work and opinions of others along the various 
lines of inquiry opened up by the observations of the pheno- 
mena we are now considering. 

When this has been done, we shall see how the new views 
have fared. 



The Spkctbum of Novje. 



For the purpose of seeking for the relationships of Nt 
to the other celestial bodies I compiled a table in which the 
spectrum of Nova Auriga; is compared with those of the nebula 
of Orion aud the bright-line stars, and for the purpose of a 
more complete comparison I have added the observations of 
Nova Cygni, for the reason that it is not probable that two 
Novai will aiTive at identical maxima of temperatures, though it 
is quite certain they must end alike at a low temperature, and 
therefore give the nebular spectrum. The table is given in 
Appendix I, 

The table indicates clearly that both in Nova Aurigse and 
Nova Cygni we had to deal with a mixed spectrum ; in fact. 
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tliB addition of tlie lines of the bright-line stars to those ob- 
served in the nebula of Orion, together with others in the 
position of Duiier's bands, almost build up the spectrum ol the 
Nova. 

The table alao shows how small a basis of fact is at the 
disposal of those who consider that condensed bodies like our 
own Bun can have, any part to play in the phenomena of new 
stars. 

From the beginning to the end of the action the principal 
lines of the nebula; were seen both in Nova Cygni and Nova 
AurigEe ; at the end, as 1 have already stated, the nebular line 
was seen alone. It is important here to indicate that the 
change of intensity observed in the lines, as the liglit of the 
star wanes, is relative only, that is, to take one instance, the 
nebular Hne does not become brighter, it only appeais brighter in 
consequence of the dimming in brightness of all the others as 
the intensity in the action going on is reduced. 

The Relation between Novj; akd Vaeiables like Miba 
Ceti. 

If the two swarms which produce a new star by collision 
axe such that" the mean distance between the meteorites in 
the resulting " mixed swarm " ia about equal to that between 
the meteorites in a body of Group II, say a Orionis ; mixed 
radiation of carbon and metallic fluting absorption will pre- 
ponderate in the spectrum observed. At tlie same time, the 
sparser portions of the swarms will give us the radiation of 
the permanent gases. This was the state of things in Nova 
Coronie, a detailed discussion of which has already been given. 
The general spectrum observed was one similar to that of a 
Orionis, but in addition, the presence of bright hydrogen lines. 
was noted. This is a condition which cannot occur at any 
stage in the condensation of a single swarm, because a swarm 



dense enough to give the « Ononis type of spectrum would 
lie too dense to give hytlr<^n and cleveite gas radintion. la 
a dense swarm absorption preponderates, whilst in sparse 
swarms radiation preponderates, the iuterapaces being Hooded 
usually with incandescent hydrogen and helium. 

In variables of the Mira type, we have almost a reproduc- 
tion of the conditions of Nova Coronie. As I suggested in 
1888,' the variability in this class of stars is in all prob- 
ability due to a swarm of meteorites revolvinf^ in a more or 
less elliptical orbit around a central swarm, the maximum 
luminosity occurring at periastron passage. At maximum, 
therefore, in sucli a variable, the luminosity proceeds from a 
mixed swarm, exactly in the same way as in a new star. 
At the maxima of Mira and other long-period variables, bright 
hydrogen lines have been observed, although the spectra 
of the Group II type. 



The Origin of the Mixed Spectrum of Nov^ 






The discussion of the observations made of the changes that 
take place in the spectra of new stars, has already shown that 
the sequence of phenomena is strikingly similar to that which 
occurs in cometary spectra after perihelion passage. In general, 
however, there will be a difference: namely, that in comets 
there is usually only one swarm to be considered, whereas in 
new stars, there are two, which may or may not be eijually 
dense. In new stars, we have accordingly the integration of 
two spectra, and the spectrum we see will depend upon the 
densities and relative velocities of the two swarms. At one 
part of the mixed swarm the temperature must generally be 
considerably liigher than at another, in consequence of the 
.greater number of collisions occurring locally, and the tempera- 
ture will be lowest where the outliers are engaged. 
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Ill new stars, therefore, it is possible for us to have the radia- 
tion spectra of gases and vapours corresponding to sparse swarms 
of meteorites (uebulte, briglit^line " stars," and comets away 
from perihelion), and the mixed radiation of carbon, together 
with the fluting absorption of metallic vapours, corresponding 
to bodies of Group II, and to comets nearer perihelion. That is. 
to say, we may have the radiation lines of hydrogen and cleveite 
gases and the fluting of magnesium at 500, plus the radiation of 
carbon, and fluting or line absorption of manganese, lead, iron,, 
etc., a condition which cannot occur when only a single swarm 
is in question. 

The mixed spectroscopic phenomena, whieli should be seen. 
on the collision of two swarms, were noted in my paper of 
November, 1887,' as follows: — "We shall, in fact, have in one 
pait the conditions represented in Class Ilia (Vogel), and in. 
the other, such a condition as we get in y CassiopeL-e." 

The Mixed Colours of Novjl 

It must be remembered that the sudden increase of tem- 
perature which determines the appearance of a new star is of 
quite a different character to the increase of temperature due 
to the condensation of a single meteoritic swarm. The pheno- 
mena accompanying each will therefore be different. 

In the case of new stars, we liave to begin with two meteoritic 
swarms, possibly in different stages of condensation. If no- 
star or nebula were visible before, the sudden increase of light 
would be due to the collision of two undisturbed swarms or 
streams. If one of the swarms engaged already existed as a 
nebula, the collision of another with it wotild cause an outburst 
siniilar to that of Nova Andromedie and Kova Aurigse. If one 
awarm existed rather more condensed, the collision of another 
swarm with it would produce a higher temperature ; this was 
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the case with Nova Coronte. But after the disturbance due to 
the coUiaion had subsided, the temperature must begin to fall, 
as the mixed swarm is not in a condition to keep it up. 
JVbiw, there/vre, run back aloiu/ the temperature curve, and their 
colour changes will in general take place in the opposite order 
to that followed by a condensing nebulous swarm. Hence the 
colour of new stars will be generally of a compound nature, and 
made up of the luminosity of the pre-existing nebula or star, 
together with the added light brought about by collisions. 

The changes of colour will depend upon the relative amoimts 
of light received from the two sources of luminosity of the 
Nova. Tliis again may depend either upon the relative 
volumes occupied by tlie two ewarms or upon their tempera- 
tures. If, for instance, the Nova consists of a large sparse 
Bwarm combined with a smaller and more condensed one, the 
light at first would be mainly that of the condensed part, the 
feeble blue or green light of the spai'ser awami being overpowered. 
With rapid cooling in such a case, the light from the condensa- 
tion would diminish in greater proportion than that from the 
larger mass, and the blue colour would tlien begin to assert 
itself. If the light from the condensation were reddish, this 
addition of blue light would tend to produce a purple tint, as in 
Nova Cygni, or a leaden one as in the star of 1572. 

In Nova Corouie the compounding of colours was 



15th May. 
16th May. 



19th May. 
3 1st May. 



22nd May. 
23rd May. 



White, with a bluish look. (BirmingLani, McmXhly Notiem, 

vol. xxvi,p, 310.) 
White, with a. bluiah look. (Baxeudell, Monthly Notiaa, 

vol. xsvii, p. 5.) 
Crenui'Coloiired, ydUne teen through blue Jilm. 

Noticet, vol. xxvii, ]>. 5.) 
Buff-coloured. {Monthly Notteee, vol, xxvii, p. 5.) 
Leaden, alight orange tiuge. {Monthly Noticet, viA. isvii, 

p. 5.) 
No yellow or red. {Monthly Nottcet, voL iivii, p. 5.) 
Dull grey. {Monthly Notices, vol. xxvii, p. 6.) 
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24tli May. Dull white, tinge of orange. {Monthly Noticet, voL sxvii, 

p. 5.) 
25tli May. Slightly orange-white. {MoTithly Nolioei, vol. xxvii, p, 5.) 
26th May. Dull orange-white. (Monthti/ Sotice», vol. xxrii, p. 6.) 
29th May. Dull orange-yellow. {Monthly Notices, vol. iJtvii, p. 5.) 
find Juue. Orange, no longer striking. {Monthly Jfotieet, vol. xxvi, 

p. 298.) 
26th June. Orange-yellow. {Monthly Notices, vol. xxvii, p. 5.) 
26th June. Orange. {Mmithly Notices, voL xsvii, p. 6.) 
11th JuJy. Dull yeCow. {Monthly Notices, vol sxvii, p. 5.) 

The star had a yellowish tint to J<ovember 6, 1866. It 
appears, therefore, that when first visible the colour of this star 
was compoiiucled of the yellowish- white colour of a swarm in an 
advanced stage of condensation and the bluish colour of a very 
early star, the blue colour in this case being due to the carbon 
radiation in the blue. This condition probably existed from 
Slay 12 to May 21, Afterwards, as the sparser swarm became 
very faint, the blue colour gradually died out, leaving a yeUow 
tint preponderating. 

The compounding of colours is, perhaps, more obvious in this 
case than in any other, and the reason is not far to seek, since 
the two swarms were of such very different degrees of con- 
densation, one being comparatively far advanced along the 
temperature cui've, whilst the other was only a very sparse 
Bwarm, as indicated also by the compound spectrum. 

Dealing with all the colour changes chronicled, which are 
brought together in my communication to the lloyal Society,' 
it will be seen that the changes of colour observed during the 
cooling of Novae are perfectly in accordance with the sequence 
to which reference has been made. The Nova observed by 
Tycho Brahe appears to have reached an exceptionally high 
temperature, as indicated by its colour and brightness, and the 
changes of colour observed are exactly what they would have 
been in a cooling swarm of meteorites. This also was the c 
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in the other Noveb of which colour observatiooa have been 
recorded. Nova Cygni passed from a golden yellow to red, and 

theu to orange, wldch agrees with the portion of the general 
colour sequence — reddish-yellow, yellow, red, yellowish-red. 

Nova Andromeda was first reddish-yellow, then orange 
coloured, reddish, and yellowish-red. Many observations of 
variations in the colour of Nova Corona were made, and 
these show that from bluish-white it ran down to a dull yellow. 
From these observations of colour it is evident that tliis was 
the hottest of the new stars. The " wliite, with a bluish look," 
recorfed by Ba.xendell, is at the top of our colour stages, and 
the spectroscopic examination of the star indicated a high tem- 
perature. Baxendell noted that, after the first observations, no 
blue tinge was seen. 

The discussion of colour observations therefore strengthens 
the view that new stars are complex bodies, probably produced 
by the colHsion of two swarms of different densities. 

Cabhon Radiation in Nov.e. 

In the MeteoHtic HypotJivMs I showed that the record of the 
presence of bright carbon llutings was unbroken from a planetary 
nebula through stars with bright-line spectra to those resem- 
bling M Herculia ; that is entirely through Groups I and II of 
my classification. In comets, also, carbon is one of the chief 
features of the spectnim, and here there can be little doubt 
that we are dealing witli swarms of meteorites. 

Carbon is thus one of the chief characteristics of the spectra 
of uncondensed meteor-swarms. We have already seen that 
there is evidence of its existence in Novse, but to emphasise 
this point, it may be convenient to summarise the observationa 
which demonstrate it. 

In Nova CoronEe the evidence depends upon two lines in the 
blue at approximately X 467 and 473. The more refrangible 
was stated by Dr. Huggins to be either double or ill defined, 
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and tbis was no doubt the maximum of luminosity of the com- 
pound cai'bon fluting at 468. The line at 473 was probably 
the least refiangible maximum of the same group. This double 
maximum of the carbon fluting has frequently been recorded 
in cometary spectra. The green flutings of carbon in Nova 
Coronre were masked by the continuous spectrum, which, 
however, did not extend far enough into the blue to mask the 
other. 

This double maximum was also seen by Vogel in Nova 
Cygni soon after its appearance, but after a time the sharp 
termination at 474 ceased to be visible, and the more refran- 
gible one remained alone. Both these conditions have fre- 
quently been recorded in comets, and there is no doubt that 
they were due to carbon. In Nova Cygni, however, there was 
other evidence of carbon in the appearance of the brightest 
fluting at 517. Both this and the one at 468 faded away as the 
star gradually assumed the spectrum of a planetary nebula. 

For Nova Andromeda; we have Copeland'a statement that 
the spectrum was "the same as that given by any ordinary 
hydrocarbon flame." Although the flutings seen exist also in 
the nebula, it is probable that they were slightly intensified in 
the Nova, because the same observer did not note them in the 
nebula itself. Some of the observers, however, remarked that 
the spectrum of the Nova was that of the nebula intensified, 
although they did not recognise the true character of the 
nebula spectrum. 

Again, a characteiistic feature of the spectra of NoviB at 
some period is the apparent breaking up of the blue end of the 
spectrum into two parts. Thus, speaking of Nova Cygni, Vogel' 



" It must be also meiitioned as characteristic of thia Bpectrum, that thp 
blue and violet were very distinct compared with what they are io other 
atara poaseBsing a band spectrum ;" 
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I January 1, he 



1 wave-length of 



and, with respect lo an oTeervation made « 
further remarks : — 

" After F followed a brooU dark band which divided the specti 
two parts." 

A little later, he states that the dark band had 
474-^86. 

C'ornu' also showed the apectrnmof Nova Cygni divided into 
two parts beyond F, and Pr. Lohse noted what he coneidered 
to be an intensely dark absorption band beyond F. 
Again, Konkoly noted regarding Nova Andromedie,' 
" Shortly Itehind the region of F the spectrum is jast ae if cut 
In all these caaea, the apparent breaking-up of the speetnii 
was doubtless due to the exiatence of the bright blue fluting of 
carbon standing out beyond the end of the continuous spec- 
trum, exactly as is seen in the spectra of bright-line " stars " 
and some of the condensing swarms of Group II, 

In the discussion of the spectra of condensing swarms* I 
remarked : — 
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" Wlien in these stars the spectrum is seen, tax in the blue, the li 
oaity really proceeds first from the carbon fluting, and, in tha hotter 
from the hydrocarbon one, which is still more refrangible, in addition. 
In the Htara which have been examined so far, the dark parts of the 
Bpectmm, which at first sight appear dne to absorptinn, are shown to be 
noet likely caused by the defect of radiation in that part of tlie epectnim 
between the blue end of the continuouB specti^m from the meteorites and 
the bright band of carbon." 

In such cases as these just described the carbon fluting 
4G8 — 474 appears broken off from the remainder of the 
spectra ra. 

Speaking of Lalande 13412, I wrote*: — 

" The bright part of the spectrum extending from 473 towards the blue 

' Compici Sendue, vol. Ixiiiii., p. 172. 
" AH. Xaci., No. 208:. 
= Bakerian Lecture, 
' Ibid., p. 35. 
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with its niaximum at 46B is, I would again duggest, the carhon land 
api>earing beyoud the coiitiuiions Hpectrum ; " 

and again, referring to 2iid Cygnus : 

" The bright band in the blue at 473 is most probably the carbon band 
appearing bright upon a faint continuous spectrum, this producing the 
apparent absorjition from 48G to 473." 

In 3rd Cygnus the same thing occurs, a dark Tjand appearinff 
from about 488 to 473, which is doubtless nothing more than 
the dark space between the end of the continuous spectrum 
and the earbon fluting at 474, I also remarked, concerning 
the origin of the discontinuous spectrum : — ^ 

"I have already shown that when the meteorites are wide apart, though 
not at their widest, and there is no marked condensation, tlie Bpectrara 
will extend farther into the blue, and therefore the fluting* in the blue 
"will be quite bright ; in fact, under this condition thn chief light in this 
part of the spectrum, almost indeed the only light, will come from the 
bright earbon. Under this same twnditioa the temperature of the meteo- 
rites will not be very high ; there will, therefore, be little coDtiimoua 
3pectnim to be absorbed in the red and yellow." 

There can be no doubt, therefore, that the spectra of Novie 
are similar to the spectra of bodies of Group II, and the later 
species of Group I, so far as carbon is concerned. All these, 
again, are closely related to cometary spectra, and the acknow- 
ledged meteoritic nature of the latter strengthens the view 
that NoViP are produced by the collisions of meteor-swarms. 



The Evidence as to the Existence of two Bodies. 
It will have been gathered from Chapter XI that in most of 
the earlier attempts which were made to explain the origin of 
new stars, the leading idea was tliat of a single body being 
suddenly disturbed in some way, with the possible result that 
the heat of its interior became manifested at the surface. Thus 
ZoUner, in 1865, suggested that the phenomena might be pro- 
duced by the bursting of the crust which had just formed on 
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tlie surface of a star approachiug extinction. In connection 
with the new star in Corona, I pointed out in 1S66 that all 
that seemed necesaaty to get auch an outburst in our own siui 
was to increase the power of his convection currents, which we 
know to be ever at work. But a special subsequent study of 
the phenomena showed that this view was untenable, and I 
abandoned it, and in 1877 insisted upon the necessity for two- 
bodies, the two bodies in question being considered as normally 
meteoritic swarms. 

With regard to that same Nova of 2866, Dr. Hu^ins 
believed that the appearances were due to gaseous eruptions in 
a single body, and that — 

" Possibly chemical actioiia between the erupted gases and the outer 
atmr^phere of the star may have contributed to ita sudden and transient 
splendour," 
which was likened to a world on, fire. 

Though Zollner's theory was further advocated by Vogel and 
Lohse in 1877, the idea that such outbursts can be produced in 
a single body without external influence ia now, I think, almost 
universally abandoned, though I should add that Dr. VogeL in 
a modification of Ziiliner's hypothesis, ascribes much of the 
increased luminosity of new stars to an actual "combustion" 
in one body.' 

In relation to Nova Aurigte the ^^ew of two bodies has 
gained considerable ground. 

Dr. Vogel, who made some admirable observations during 
the appearance of this new star, states moat distinctly that — 

" We can no longer regard the assumptiou of a single body as sufficient 
iu any explanation of the occiuTenoe." ' 

Eelopolsky also accepts two bodies,' and the views of 
Seeliger and Klinkerfuea advocating two bodies have been 
miich discussed. 

' Scheintt'a Speclroaropf/, Troit, 
' AH. and Ant. Fhyt., 1894, 
^ Jiid; p. 54. 
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Tliia then, ao far as it goes, may l>e claimed as a victory for 
ODe contention of the meteoritic hypothesis ; but, notwith- 
standing the general agreement as to the presence of at least 
two bodies in the outburst of Nova Aurigie, there remain con- 
-siderable differences of opinion as to the nature of the separate 
bodies, and of the kind of interaction between them. 

Monck's view, referred to on p. 184, is the one extended by 
Professor Seehger, who points out that the photograpMc investi- 
gations of Dr. Max Wolf and others leave but little doubt that 
space is filled with more or less extensive aggregations of 
thinly scattered matter, which may be called cosmical clouds, 
thereby accepting my view of a " nieteoritic plenum," which 
was announced before any of these photographs were taken. 
He holds that if a heavenly body in rapid motion becomes 
involved in one of these cosmical clouds its suiface will become 
heated, and the vapourised products will be partly detached 
and assume the velocity of the cloud; the fluctuations of 
brilhancy of a new star on this hypothesis are produced by 
the varying density of t!ie cosmic cloud through which the 
body is passing. 

I give two extracts from his communications : — 

Eecent photographic results — 

"Lave left no doubt that apace is flUed with more or less extensive 
aggregatioiiH ot thinly scattered matter." ' 

"It ia from the nature of the ease very probable that the supposed 
nebulous clouds or aggregations of duat-like partielea, should be more 
numerous in certain parts of apace than others." ' 

In this way he explains the observed fluctuations in bril- 
liancy. 

It is clear that Professor Seehger accepts my general hypo- 
thesis of a meteoritic plenum, but not that part of it which 
explains many variable and all new stars by the clash of tu-o 
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meteoritic swarms. But even this loodified bypothesia 
Professor Seeliger's has been strongly combated by Dr. Togel. 

The idea that sucli plieiiomena might be produced by the 
close approach of two bodies, and tbe consequent disturbances 
due to tidal action, was tirst started by Klinkerfuea in I860. 

The tidal theory differs from Zollner'? only in ascribinj 
eruptions to the disturbances produced by tidal action wJ 
two bodies approach each other. Tliis explanation, however, 
met with much opposition on physical grounds. 

Professor Seeliger remarks, in opposition to this view — • 

"The static theory of the tides, which ia used throughout, is quite 
capable of gi'iiig a correct representation of t!ie deformations which 
doubtless produced by the close passage of the two bodies ; for with Tery 
eccentric orbits (which it is necessary to assume on other groundsX the 
continually varying action would last for ao short a time that one could 
scarcely expect to derive a trustworthy conclusion in regard 
circumstances from a cousideratiun based on the forms which, the b( 
could assume in equilibrium." 

Again, Vogel objects that — 

" Sensible tidal a^.'tion cannot be asirumed to last for any considerable 
time, as on account of the great relative velocity of the bodies, they would 
separate at the rate of forty-six millions of miles per day." ' 

If we are to have tidal action let us have it under conditions 
with which we are familiar or which we can test by the light of 
experience. We know that the similarity between the s 
of the chromosphere and the uebulte and the Novre i 
almost entirely upon the presence of two permanent gases, and we 
know also that if tidal action were set up in the sun, tbe body 
with which we ai-e most familiar to-morrow, we should see no 
trace whatever of the spectrum of either. 

Again, Mr. Maunder and otiiera have pointed out that if the 
phenomena be due to tidal action producing the formation of 
aolar prominences, the bright lines should be displaced to thaj 
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more refrangible sides of their normal places, for the reason that 
only those prominences on the side of the star presented to us 
would be able to produce visible bright lines, and such pro- 
minences would necessarily have their chief movement in a 
direction towards the earth. "We have seen, however, that in. 
Nova Aurigfe, the actual displacement of the bright lines was 
just the reverse. 

The fact, moreover, that Kova Aurigie ended by becoming a 
nebula is difficult to reconcile with the idea that in its earliest 
at^es its luminosity was produced by outbursts of the nature 
of solar prominences. To have so-called " solar prominences," 
there must be a sun to produce them, and that must remain 
when the outbursts of the prominences has ceased ; in this case 
the last stage of the spectrum of the new star should have 
resembled that of the sun. The fact that it did not indicates 
how worthless is the prominence suggestion in the hght of 
modern knowledge. 

Another very important objection to the solar prominence 
theorj' ia this : If new stars are real stars capable of exhibiting 
prominence phenomena, then we have real stars, ending as 
nebuJje, and thus clashing with the idea that nebula; are 
"early evolutionary forms" of heavenly bodies, further, if 
new stars be real stars, we should have to beUeve that the last 
expiring atmospheres of stars consist of hydrogen and unknown 
gases ; but if we take the evidence afforded by the stars 
themselves we find that, instead of their last luminous atmo- 
sphere consisting of bright hydrogen and helium, the spectrum 
indicates the presence of absorbing carbon or carbon compounds. 

These, however, are not the only objections which may be 
raised to the idea that we have to do with phenomena of the 
nature of solar prominences, whether produced by tidal action 
in the case of two bodies, or by a bui-ating of the crust which 
is forming in the case of a star approaching the end of its career 
as a luminous body, 
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We know of tlie existence of many bodies in space where all 
tlie known conditions of tidal action exist, bodiea M'itli fluid 
atmospheres, elliptic orbits, and not large perihelion distances, 
and yet in none of these have phenomena been observed at all 
approaching those presented by new stars. 

But we may go fnrther than this. 

In the first place, there is no reason to suppose that the pro- 
minences in our own sun are produced by tidal action, and yet 
I suppose it was the spectroscopic evidence of apparent simi- 
larity between the Nova and the chromosphere which gave rise 
to the idea of tidal action. 

In the second place, even if the fact that many of the lines 
seen in the spectrum of Nova Aurigas during its first appear- 
ance were coincident with lines seen in the solar chromosphere, 
appears, at first sight, to support the idea, it will not do to 
forget that since the spectra of nebulie also show chromospheric 
lines, the same argument might also be apphed to prove that 
nebulte are manifestations of prominences and tidal action. I 
do not imagine that very many will be prepared to believe that 
nebulae are prominences, for if tbey are, they must be pro- 
minences of an unseen sun 1 ! 

It is, I think, sufficiently evident, that each special hypo- 
thesis which has been brought forward to replace the view of 
the nature of the two bodies involved suggested by the meteoritic 
hypothesis has got no further than a damaging criticism from 
the authors of the others. ^h 

Dr. Huggins' Views. ^H 

I have found it undesirable in what has preceded to refer 
to Dr. Huggins' opinions on the varioiis points involved, for the 
reason that all su^ested explanations of the phenomena of new 
stars which have been put forward, except my own, have 
appeared to find favour with him in turn. I have thought it 
proper, therefore, to refer to them s 
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Ab I pointed out iii Chapter XI, tlie appearance of tho new 
star in 1866 was explaiued by him aa a conflagration on the 
surface of the body ; we were in presence of a world on fire. 

In regaid, however, to the more definite results secured by 
the observation of Nova Aurigte, Dr. Huggins in the first 
instance found it necessary to suppose the existence of two 
bodies, in order to explain the phenomena observed. 

Writing of the one body idea advocated in 1866,^ he refei-s to 
it as 

"A view which, though not impossible, I aliould not now, with oiu' 
present knowledge of the light changes of staiB, be disposed to auggest." 

He is then led to favour Einkerfues' view of two bodies, the 
light variation being brought about, as I have shown, by tidal 
action. He refers to 

" EnormouB eruptions, of the hotter matter from within, immensely 
greater, but similar in kind to solar eruptions," ' 

tlius brought into play. But although Dr. Hnggins thus 
appeared to favour Kbnkerfues' hypothesis, wiiicli is rejected 
by SeeKger, Voge!, and myself, he suggested another, which, so 
far as I can see, is diametrically opposed to it. His new special 
view a 



"Two gaseous bodies, or bodies with gaseous atmospheres, moving 
away fi'om each other, after a near approaoh." ' 

Further, the gaseous bodies are not allowed to collide. 

" The phenomena of the new star scarcely permit us to suppose even a 
partial colliaion ; though if the bodies were very diffuse, or the approach 
cloae enough, there may hiive been possibly some mntual interpenetration 
and mingling of the rarer gases near their boundaries." 

On this hypothesis it need only be remarked that there is no 
evidence whatever that the " boundaries " of any star contain 
" rarer " gases. We know that in our own sun, where we can 
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study such phenomena best, the " boundary " gives uo indica- 
tion of any gas, and there are good reaaona why it should not 
do so. The gases hydrogen and heliuin involved in the pheno- 
mena with which Br. Huggins deals in two mutually destruc- 
tive hypotheses, exist uncomlined, and spectroscopically visible 
only at the baae of the solar atmosphere. 

Finally, however, this idea was given up, and Dr. Huggius 
returned to the 1866 explanation, which I think has been aban- 
doned by everybody else. I quote his words, written the nexD 
year: — 

" Influenced by the analogy between some of the changes in the Bpectrum 
of the Nova, and those which are asaociated in the Bpecti'mn of § Lyrse 
with the variatioD of its light, and also by other reasons which we pointed 
out in nur former communication, we are still strongly inclined to take 
the same view which we then ventured to suggest, namely, that in die 
outburst of the Nova we have not to do mainly with cold nw-tter raised 
suddenly to a high temperature by ft collision of any form, but rather, for 
the most part, as was suggested by Dr. Utller and myself in 1866, in tha 
case of the first temporary star examined with the spectroscope, to an 
outburst of exiatitig hot matter from the interior of the star or stars; 
indeed, to phenomena similar to, but on au immensely grander scale thuL 
those with which we are familiar in the periodic greater and lesser dis- 
turbances of the sun's surface. 

" Snch grand eruptions may well be expected to take place as stars 
cool, and if in two dull and comparatively cool stars such a stat« of things 
were imminent, then the tidal action dne to their near approach might be 
amply adequate to determine, as by a trigger action, such eruptions. 

" Under such conditions, fluctuations of brightness and subsequent 
partial renewals of the eruptive disturbances might well take place." ' 

The Final Stage of Nov^ ^^M 

In new stars the succession of events ou the nieteoritic hypo- 
thesis cannot be the same as that in the case of orderly conden- 
sation ; there must be a running backwards of the phenomena. 

We must have from the first appearance of a Nova to tiie 

1 Alt. and Ail. Fhyt., 1893, p. 614. 
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last a " backwardation " ending iu an " early evolutionary form." 
Inci-ease of tempemture is accompanied by spectral changes in 
a certain order; if the temperature is reduced the changes 
occur in reverse order, Tintil finally we reach the " early evolu- 
tionary form " which the nebulte are now acknowledged to be, 
even by the opponents of my views. Tliis early form cannot 
be a niasa of gas merely, because its temperature is lower than 
that of ft enn, which it is potentially, and it must contain all 
the substances eventually to appeal- in the atmosphere of a 
sun. 

After February the dimming of Nova Aurigie placed the 
star beyond the reach of the Kensington instruments, but, as a. 
matter of fact, the Nova reappeared in August, 1892, and was. 
observed to have increased in briglitness from the 16th magni- 
tude in April to about 9th ra^nitude. 

What, then, weis the spectrum ? It had almost completely 
changed ; and among the first to observe the new spectrum 
was Professor Campbell, of the Lick Observatory. This observer 
then stated that " the spectrum resembles that of the planetary 
nebulas.'" In the following month the spectrum was also, 
observed by Drs. Copeland and Lohae, and their observations, 
seemed to them to " prove beyond doubt that Nova Aurigse- 
is now mainly shining as a luminous gas nebula,"" The most, 
striking evidence on this point, however, is that afforded by 
the photographic investigations of Von Gothard. He not 
only shows ua the photographic spectrum of the new star at. 
tliia stage of its history, but gives us also the spectra of 
several nebulfe to compare with it ; and it is evident that we 
were certainly dealing, in the case of the Nova, with the same 
spectrum as in the nebula. Dr. Gothard, at least, was satisfied 
on this point, and stated that " the physical and chemical state 
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of the new star resembles at present (September and October, 
1892) that of the planetary nebulie." ' 

There was fiiinUy also telescopic eviJeuce of the nebi 
character of the atnrs. 

Max Wolf wrote : ' 

" A nuniber of new diffiise nebulie were discovered in the viciiiity of 
tbe star, and there even appeared to be traces of uebuloua appendagea 
(iroceeding from the star itaelf." 

On iny side then I may say, at all events, tJiat I have the 
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great authority of the names of Campbell, Copelaud, and 
Gothard", v/ho state that they have certamly observed the 
spectrum to be that of the nebulae, and of Max Wolf, who has 
photographed it. 

Thia ending of the long series of spectral changes in a nebula 
lias been the one which generally ha,s caused the greatest sur- 
prise, but on the meteoritic hypothesis, this, and nothing else, 
must happen. 

According to the general hypothesis, we have everywhere in 
space,- as is now being abundantly revealed to us, especially by 
the photographs of Barnard, Max Wolf, and others, meteoritic 
aggregations, swarms, and streams, the constituents of which 
are, comparatively speaking, at rest, or are all moving one way, 
if they are moving at all, and undisturbed, because they are 
not being intersected by other streams or swarms at any one 
time. 

But supposing any of these bodies cross each other, as uu- 
folrtimately sometimes excursion trains cross each other, then 
there must be a change in the phenomena because there must 
be collisions ; the collisions produce increased light, and we 
think that a new star is being bom. Nothing of the kind. No 
new star is being born : there is simply a disturbance in a cer- 
tain part of space. 

Further, two sheets or streams of meteorites interpenetrating 
and thus causing collisiona will produce luminosities which 
will indicate the condensation of each. 

The spectra of the Novie we are considering indicate that 
the colliding swarms were of different degrees of condensation, 
and the variations of light observed indicate several such en- 
counters between less dense swarms after the most dense one 
liad somewhat cooled down. 

When the disturbance cools down we shall find that that 
part of apace is still absolutely in the same order. In the 
case of Nova Aurigiu, and in the case of Nova Cygui after the 
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war was over, iiebuhe have been found to lie in the precise 
positions occupied by the new stars, and the only thing that 
one has to say about it is that the nebulie were there before 
but that in consequence of our incomplete survey of the heavens 
they had not been observed. 

After the new photographic chart of the heavens has been 
made, in future times, it will be found that all new stars are 
not really new, but the lightiug up of something which existeil 
there already. The argument for this view is simply this. If 
I light a fire, the smaller the fire the sooner will it go out, 
and the larger a fire the longer will it last. So if we are dealing,' 
iu space with those illuminations which disappear in hours, 
days, or weeks, we cannot be dealing with any large mass: 
therefore the collisions in question cannot be between lai^ 
masses of matter, but it must be a question of collisions 
amongst the smallest particles of matter. 

It was abundantly clear then, that observations of a Nova 
with all the resources of modem science had established one ol«p 
two main points of the ineteoritic hypothesis, that ■ 
dealing with sparse meteoritic swarms, which after the distiu 
ance showed merely the spectrum of the nebula. There i 
be no doubt that a nebula really existed there before the d 
turbance. 

It is interesting to consider one of the possibilities which 
may explain why small nebulie may be overlooked in telescopic 
observations. In the so-called achromatic telescope, all tha 
rays of light ai-e not brought to quite the same focus, i 
when ordinary stellar observations are being made, the focus & 
adjusted for yellow rays which are most luminous to the ejfJ 
Now the greater part of the visual light of a planetary nebul 
is confined to a single line of the spectrum in the green, so thstTl 
the focus which is best adapted for observations of stars is not 
siutable for the observation of a small nebula, the nebula being 
out of focus, and its feeble hght thus reduced by the diffusion 
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of the image. This difference is much more marked in large 
I than small telescopes, and Professor Camphell has pointed out 
I that, on account of the steepness of colour curve in a large 

telescope, 

" A amall nebula like Nova Aurigfe will, iii general, api^ear relatively 

brighter in a small telescope than in a large one," ' 

On this hypothesis, then, we imaginea nebula in the position 
occupied by Nova Aurigie not chronicled for the reason stated. 
Whatever the density of the nebula may be, and it is not 
very sparse, it is undisturbed, it may even be a spiral nebula 
like the great one in Andromeda, and even in rapid rotation, 
so that when disturbed we get changes of wave-length according 
to the part that is pierced and clianges of brilliancy if the 
various parts of it are not all of equal density. 

This nebula is approaching us. It was disturbed by a much 
sparser stream rushing away from us, the relative velocity being 
over 500 miles a second. During the time of impact, the dis- 

> turbances produced in the two swarms gave rise to a bright- 
line spectrum in the sparse swarm, and to a dark-line spectrum 
in the more condensed one. The spectrum of the sparse swarm 

I disappears, tlje spectrum of the dense swarm changes gradually 
from dark to bright lines, and ultimately it puts on the original 
nebular spectmm. It is atiH tliere, and still approaching us. 



General Co^■CL■0SIO^■. 
Having thus endeavoured to bring together all the existing 
spectroscopic observations of Novie, I now summarise the 
results. They indicate that some of the changes observed are 
closely related to those observed in eometary spectra, the diffei'- 
ence in observing conditions, and the compound character of 
Nov^e being duly allowed for. The temperature of a Nova 
depends upon the degree of condensation of the meteor-s 



wlik'h produce it. Its visibility depends alao to a certain ex- 
tent on its size. Hence it is that all Novie do not attain the 
same maximum temperature or degree of visibility. 

A more or less complete sequence of spectra has been found 
by considering the whole of the spectroscopic observations, 
and joining them together on a descending scale of tempera- 
ture. 

The general result of the comparison of new stars with 
variables, is that in passing from a variable to a new star, we 
pass from one swarm (or many) revolving in an elliptic orbit 
round a central swarm, to one probably revolving in a parabolic 
or hyperbolic orbit. 

Tlie changes in magnitude observed in Novec are also in 
strict accordance with the raeteoritic theory of their origin. 
The sudden increase of luminosity, which produces the appear- 
ance of a " new star," may well be due to the colliding of two 
swarms of meteorites, whilst tlie rapid fading away conclusively 
demonstrates, that small bodies and not large ones are engaged. 

The complete discussion, therefore, tends to confirm the con- 
clusion whicli I ari'ived at in November, 1887,' namely ; — 

" New atara, whether seen in eoimeetion with nebiilie or not, are pro- 
duced by the claah of meteor-swarms, the bright hnes Been being low 
temperature lines of elements, the spectra of whic" 
low stage of heat. 



t brilliant at > 



Replies to Objectioss. ^H 

We have next to consider the objections which have been 
urged against this hypothesis, and it will be convenient to deal 
at the same time with the various objections against the ob- 
servations and conclusions oi' others which, as I have shown, 
have so strongly supported it. The objections are of i 
trivial nature. One objection made by Vogel is that it is iin- 
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probable that the velocities coiilil have been -so great after 
collisions. 
He wrote :— ' 

" Nor is the question investigated, how the enormous relative velocity 
of over 460 miles per second can persist after the mutual penetration of 
two coemical clouds or meteoric swarms, involving the close passage and 
inevitable collisions of particles whose masses are of the same order and 
the transformation of their energy of motiou into heat." 

In formicating thia objection I think Dr. Vogel has over- 
looked the fact that high velocities after collision are more 
probable in the case of awarms of nieteoiitea than ia the c&ae of 
formed stars. 

On the meteoritic hypothesis we can escape from the 
difficulties produced by the old idea of collisions en Uoc. 
Such objectors would urge that the velocity of a comet as a 
whole would be retarded by passing through the sun's corona, 
but we have instances to the contrary. 

The motion of individuals only ia arrested. The main body 
goes on. 

Another objection has been miaed by Dr, Vogel because, in 
relation to the Nova, I did not restate all I had previously 
written concerning the origin of bright- aud dark-line spectra 
in stars. 

"Why all the particles of the denser swarm, or at least moat of them^ 
should give spectra with dark lines, and the particles of the sparse swarm 
for the most part, spectra with bright lines, is not further explained," ^ 

I confess this objection amazes me, for it is one of the chief 
points of the meteoritic hypothesis that the main differences 
between bodies giving bright- and dark-line spectra is one of 
condensation only : a sparse swarm gives us bright lines because 
the number of meteorites in unit volume ia small and the inter- 
spaces are great ; a more condensed swarm gives us dark lines 
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because the iiuiaber of meteoriteB in unit volume is greater, and 
the atmospheres of cooler vapour round each meteorite in 
collision begins to tell because the interspaces are reduced. 

The following quotations will show how tliis matter 
stands : — 

" If we asauue » brigbt«oing of the meteor-swarm dae to coUiaions m 
the cause of the so-called new atara, we have good grounds for supponng 
that in these bodies the pheDoneiia should be mixed, for the reason that 
we should have in uue part of the swami a Dumber of collisioDs probaUj 
of rlose meteorites, while among the outliera the coUiaioua would be few, 
We shall, in fact, have in one part the conditions represented in Class 
Ilia (Yogel), and in the other such a condition aa we get in y Cassio- 

"The discussion of the observations which have been made of the 
changes that take placs in the spectra of new stars, has alreadj' shown 
that the sequence of phenomena is strikingly similar to that which occuts 
in cometary spectra after perihelion passage. In general, however, thele 
will be a difference : namely, that m comets there is usually only one 
swarm to be considereil, whereas iu new stars, there are two, which may 
or may not be squally dense. la new stars, we have accordingly the 
integration of two spectra, and the spectrum we see will depend upon the 
densities and relative velocities of the two swarms." ' 

"Tlie apectram of Nova Aurigie woitld suggest that a dense swarm is 
moving towards the earth with a great velocity, and passing through a 
sparser swarm, which is receding," ' 

I am tlie more justified iu insisting upon the importance of 
this view that two bodies in different stages of condensation are 
involved, because, years after it was formulated by myself, 
Dr. Huggins apparently arrived at it independently — at all 
events he makes no reference to my prior announcements when 
he brings it forward as an explanation of the pheuomene 
witnessed in Nova Aurigie. 

" The circumstance that the receding body emitted bright lines, while 
the one approaching us gave a continuous spectrum with broad absotptiou 
lines similar to a white star, may, perhaps, be accounted for by the two 

' Kovembpr. 1887. Lockyer, Proc. Soil. Soe.. vol. iliil, p. 147. 
' November, 1800. Lockyer, Phil. Trans., toI. olrixii, A, p. 407. 
" February 11, 1892. Lookyer, Proo. So;/. Soc, vol. 1, p. 435. 



XIV.] HOW THE HYPOTHESIS HAS FARED. 269 

boiiea being in different evolutionary atages, aud conHeqiiently differing 
in diffnaenesa and temperatare." ' 

Seeing that there are in the heavens thousands of permanent 
bodies with bright and thousands with dark lines in their 
spectra,, I cannot imagine how it has been difficult for Dr. 
Vogel to understand how one (temporary) star should have 
bright lines in its spectrum, and another (temporary) star 
should have dark lines. All I can say is that upon such 
objectors lies the onus of producing a more simple (and yet 
sufficient) explanation than that I have suggested, and which 
it appears Dr. Huggins has also thought out independently. 

I now approach an objection raised by Drs. Huggins and 
Scheiner relating to the spectrum in its latest stages. I have 
already shown that all the beat observers, armed with the best 
instruments had recognised that the final apectrurn of the 
Nova was a nebular spectrum with tlie hues at 500 and 495. 

This is not the opinion of Dr. Huggins, who writes as 
follows : — " 

" We wish to Bpeak at present with great reserve, as our knowledge of 
the Nova is very incomplete ; but we do not regard the circumgtaiiCB that 
the two groups of lines above described fall near the positions of the two 
principal nebular lines as sufficient to show any connection between the 
present physical state of the Nova and that of a neliula of the class which 
gives these lines." 

To this Professor Campbell very naturally and promptly 
replied : — 

" If the apeotnim is not conceded to be nebular, I must ask what else wa 
should expect to find in that spectrum if it were nebular." ' 

The answer lo that is, that we could not expect to find any- 
thing else because it is all there. In fact, out of nineteen lines 
observed or photographed by Professor Campbell in the spec- 



I May 16, 1892. Di-. Huggine, Prop. Eoi/. Sac, vol. ii, p. 494. 
' Aal. and AH. Fi-/^., 1893, p. 611. 

• Ihid., p. 727. 
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trum of the Nova, eighteeu coiTespoiid perfectly with nebular 
lines. He adds : — ' 

" Therefore Uie spectrum is nebular, and the fact that the lines have 
remained broad, or m&y have remaiueU multiple, does not militate against 
the theorj-." 

Tlie telescopic and photogi-aphic evidence o£ the fact that 
Nova Aurigie became a nebula, and Dr. Max Woira photo- 
graphs of the Nova and its suironndinga in 1893, resulting in 
the discovery of a number of new difl'use nebulte in its vicinity, 
" and even traces of nebulous appendages proceeding from the 
star itself," are not replied to by Dr. Huggina, 

Dr. Scheiner, although he accepts the theory of two bodiea, 
explains the final nebular spectrum in a very original manner : — 

"Whatever may have been the circumatances of the blazing up of the 
Nova, it ia at least certain that no legs tlian two celestial bodiea Buffered 
an intense superficial heating, bo that large musses of gas were thrown oH' 
from the bodies aa if by an explosion ; and these maaaea of gas, lefc 
behind tlie bodies, may be in such a condition as to give a Bpectrmu like 
that of a aebula." ' 

It would be interesting to in<:iuire what " gases " are in 
question, since two out of the three nebular lines are not 
acknowledged to be gaseous, and also what became of the 
known gases tliat must have been in the colliding bodies. 

"With reference to the drawing given by Dr. Huggins in 
support of bis contention, twoj«marks may be made. The 
considerable broadening and perhaps even the multiple nature 
of the nebular lines observed by him are only the natural 
sequel to the phenomena presented by the star before the 
nebulous stage was reached, I have before pointed out many 
possible causes for chiiuges of wave-length ; and certainly the 
broadening of the many lines photographed at first, both bi'^ht 
and dark, were in all probability due to this cause. 

' Alt. and Alt. Phge., 1898, p. 720. 

= Schtintr'a Speciroacopg, Frost's Trandation, p. 9. 
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CHAPTER XV.— THE NEW CLASSIFICATION OF 
STAES AND NEBULA. 



The Effect of Condensation. 



The next point in the meteoritie hypothesis — that some of 
the heavenly bodies are increaaing, others diminishing theJr 
temperature — is one to which too great importance cannot he 
attached. 

It has already heen stated, with reference to the hypotbeeis 
of Kant and Laplace, and especially Laplace's view that in the 
nebulie we have to deal, as also in the stars associated with them, 
with gases at a very high temperature, that on the meteoritie 
hypothesis I am compelled to differ in this particular both from 
Laplace aud also from Vogel, who has most industriously 
attempted to establish a classification of the celestial bodies 
on the basis that they aU are getting cooler. 

I have already pointed out that in accordance with thermo- 
dynamical principles, the temperature must increase with con- 
densation. A nebula condensing, then, must be a nebula 
getting hotter. We have already seen it demonstrated that 
the bright-line stars are bodies more condensed than nehnlffi, 
consequently they will be hotter than nebular. 

Pi-ofesaor Darwin has recently demonstrated that swarms 
of meteorites in space will behave exactly like a gas ; thereforei 
what can be said of the thennodynamics of a gas may be said 
also of the thermodynamics of a meteoritie swarm, and if it be 
agreed that in accordance with dynamical theory, the tempera- 
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turn must increase with condensatiou ao long as the conditions 
of a perfect gas Iiokt good, and if ve accept that a swarm of 
meteorites will behave like a perfect gas, then swarme of 

meteorites will also get hotter by condensation. 

But in all such condensations as we are considering a time 
must arrive when the loss of heat by radiation will be greater 
than the gain due to condensation. 

Then cooling begins. 

As an example of a cooling body we have the siin. Tiiere 
are many quite independent lines of inquiry which show that 
that botly was mucli hotter in past times than it ia at present. 

Now, it is pretty clear that the fundamental difference 1 have 
just pointed out must he largely taken into account in any 
vaUd system of classification. Of course we must classify our 
stars if we are to speak about them with intelligence, and 
undei'stand the relations of one body or system of bodies W 
another. 

The study of stellar spectra from the time of Eutberfurd to 
the present shows us that only a very small number of groups 
is in question. We seem to be in presence of an evolution in 
which only a very few variables are in operation, and in my 
opinion the phenomena suggest that the oidy variable of para- 
mount importance is temperature. 

In working out the classification of stellar spectra, whicli I 
communicated to the Eoyal Society in 1888, the course pursued 
was to study the Hutinga and lines of the vaiioua elements 
given in the existing lists and to fill up gaps in them by fresh 
experimental work with the view of findmg the necessary 
criteria. The question, however, was complicated by the dis- 
covery in stellar spectra of many lines the origin of whiet 
jcould not be stated. 

Some time has now elapsed since the classification was pub- 
lished. In the meanwhile the attempts to trace the oiigin of 
tiie unknown lines liave heen continued, and the discovery of 
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teiTestrial sources of helium and probably other gaaea, has 
thrown a flood of new light upon stellar chemistry. 

I propose to trace the Iilstory of the criteria now at our dis- 
posal in the study of the phenomena of the stars, and to give 
the results of my latest researches. 

Eahly CLASSIFI(.:AT10NS. 

The new classification of stars which has been suggested by 
the totality of the facts and considerations which have so far 
occupied us is not the' first classification of the stai's by any 
means. 

Although the first observations of stellar spectra were made 
by Fraunhofer, we owe to Eutherfurd the first attempt at 
classification. In December, 1862, he wrote as follows : — • 

"The star spectra present such varieties tliat it ia difficult, to point out 
any mode of cliissilication. For tlie present I divide them iuto three 
groups. First, those having many lines and bands and most nearly re- 
sembling the sun, \iz., Capella, ^ Geminornm, a Orionis, Aldeharaii, 
7 Leoiiia, Arctunis, and ^ Pegasi. These are all reddish or golden stars. 
The second group, of ■which Sirius is the type, presents spectra wholly 
unlike that of the sun, and are white stars. The third group, comprising 
<Z Virginis, Rigel, etc., are also white stars, but show no lines ; perhaps 
they contain no mineral substance, or are incandescent without Same. 

"It is not my intention to hazard any conjecture based upon the fore- 
going observations ; this is more properly the province of the chemist, 
and a great accumulation of accurate data should be obtained before 
making the daring attempt to proclaim any of the constituent elements of 
the stars." 

This classification was followed up by Seechi, who practically 
adopted Eutherfurd 's thi'ee groups, changing, however, the 
word group to type, and adding a fourth. On this point Ur. 
Gould, in his memoir* of Eutherfurd, writes : — 

" I cannot forbear calling attention to the classification, essentially the 
same, subsec[uently published by Seechi without reference to this or to 




THE SUN'S PLACE IN NATUKE. 



May of the otber Ikbours of Rutherfurd, Eutd which ie geiier^ll; cited 
under Secchi'a name." (See Scheiner, p. £58, and Traiulation, pp. 235 — 



In these and other Bubsequent classifications it has beeu 
taken for granted that aebuhe have nuthing whatever to do 
with etars, and that all the stars lie along one line of tempera- 
ture, the higliest temperature being at one end, and the lowest 
at the other ; such, at all events, is Yc^el's view. Jfow we 
tiave to consider that nebulie are stars to be, and that some 
Bpi>arent stars are really iiebulie ; and further, that the undis- 
turbed nebulje are of relatively low temperature ; heiic« we 
have bodies getting hotter as well as bodies getting cooler, and 
both must Ite provided tor. 

In 1873 Br. Vogel brought out a new and much more de- 
tailed classification considerably extending the number of 
groupiup eniployetl by Ruttierfurd and Secchl Tliis classifi- 
cation is biiseil on the assumption thai all stars b^an by being 
very hot, and that the various changes observed in the spectra 
are due to cooling.' It was taken for granted, for some reasou 
or other — possibly in view of the idea of Laplace — that all the 
stars in the heavens l»egan in the condition of highest tempera- 
ture, aud that all tliat the stars did after that was to si^enil 
their millions and billions of years of Ufe in getting colder ; su 
that, if we could at the present moment find out which is 
the very hottest star in the heavens, we might be perfectly 
certain that every star in its beginning resembled it exactly in 
spectrum, and therefore in physical constitution : the presence 
of bright lines is considered as a matter of secondary importance 
only, and gives rise to sub-groupings only. 

Dr. Scheiner has quite i-ecently reiterated this statement He 
appeals to his " new " observations of the spectrum of magnesium 
as a " direct proof of the correctness of the physical interpre- 

' " Solon la thl^orie il faadra quo tflt ou tani toutea les etoilea de la pwrniin 
ulasse deviennent de la sei^ando, el ctilles-oi de la. troisi^me.'' Uuner. 
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tation of Vogel's spectral classes, according to which Class II 
is developed by cooling from I, and III by a further process of 
cooling from II.' 

Pechiile was the first to object to Vogel's classifjcation, mainly 
on the grouiid that Secchi's types 3 and 4 had been improperly 
brought together.^ The views brought forward in support of 
the meteoritic hypothesis cut at the root of such a claasifica- 
tion as this. 

It is perhaps worth while in passing to point out that in 
1886 I stated, taking the then classification as a basis : — ^ 

" On the nebular hypothesis, supposing .... that we etai-ted with 
ordiuary cometary materiala, then, on the beginning of a central conden- 
Bation which in time is to become a, star, as Kant and Laplace aiiggeated, 
Buch central condeusation ahould then give us n star of tlie fourth clasH. 
As the energy of coiidensution increased, and the temperature got 
higher, the spectra would change through the third and second classeB, 
till ultimately, lehen the temperature wag highett, the first class spectrum 
would be reached. <hi the ilactentng down of the temperature of the now 
formed star, the epectra of the second, third, and fourth classes would 
then be reproduced, but, of course, now in the direct order." 

We now know that this classification will not do, since all 
reference to bodies with bright lines in their spectra is omitted ; 
every one now, however, as I have shown, agrees that they 
must take the first place as representing " early evolutionary 
forms," and this is one of the teachings of the views I have 
been bringing forward for the last ten years. 

The idea which one arrives at by a discussion of all the 
spectroscopic facts is that we begin with a condition in which 
meteorites in swarms and streams are very far apart, and 
from the collisions of these a spectrum results which gives us 
bright fintings and liaes, in other words the spectrum of the 
nebulffi ; when they become a little more dense, we get the 



' A.»l. and Atl. Phyi., 1894, p. B71, 
- The detftils of Vogel's clussiScation and Pechiile'f 
Ueteoritic Sypotketit, pp. 345-6. 
' Nature, vol. iniv, 1888, p. 228. 
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bright-line stars ; and as they become denser atill, ve find llie 
stars with a mixture of bright and dark flutings. Then still 
moru condensHtion and dark lines, and at length the highefiC 
tenii>eratiire of all ; after which begins a descent on the other 
side, till at last we end in cool, dark bodies like the earth and 

Tliis seems to he the claesitication which is neeeaeitated by 
the consideration of all the facts ; and it is, moreover, one 
which appears to gt\'e us possibilities u! an explanation of the 
phenomena of new stars and variable stars, and many other 
things without going into the region of the unknown and im- 
possible. 

TeMPKRATUKE-C URV E. 

It also lanils us in the so-called tempe^ature-cur^-e along 
which I ventured to place the various classes of nebulie and stais 
some time ago. I am glad to say that so far no valid objection 
has been made to it. 

In the first instance, minute differences were not in questiou. 
We can understand from the photographs given in Fig. 71 how 
perfectly justified Eutherfurd and others have been in attempt- 
ing to classify the stars by means of their spectra. In Siriiis 
we get one groiip of stars, distinguished by the development of 
certain lines, which are due to the absorption of hydrogen. In 
« Cygiii the hydrogen is represented quite distinctly, but the 
absorption there with regard to certain lines is much more 
developed than in such a star as Sirius. In Arcturus the absorp- 
tion of the hydrogen is almost hidden in an enormous mass of 
lines. Here again we have anotlier large group, and it is not too 
early to remark that Arcturus in its spectrum exactly resembles 
our own sun. Thus we can say that, speetroscopically speak- 
ing, the sun is like Arcturus, not like « Herculis, a Cygui, 
and so on. 

It will be noticed that in the classification I have suggesteil 
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I use the word " group," first employed by Itutherfurd ; it is. 
one wliich ought never to have been changed. 

With regard to this subject, Professor Keeler agrnes that a 




classification which depends on this temperature curve has 
advaatagea over other systems. He writes : — ' 

"Profeasor Lockyer's Bystem of stellar daBsifieation provides for both »n 
ascending and ii. descending branch of the temperature curve, and in tbia 
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; other syatema which claim to 

Mr. Frost, the transktur of Scheiner's book, writes as 
follows : — ' 

" Many spectrosoopista are unwilling to admit that the only liOQrse of 
stellar development visible to us is along a line of descoiiding tempera- 
ture ; ia other words, they consider it quite aa prohable that the white 
atara repreaeut the ' oldest ' as the ' youngest ' phase of stellar evolution. 
The further question may be raised — la it not possible that a. celestial 
body, after having reached the condition in which we define it aa a star, 
may twice be red and eshihit a apeotrum of the third type, once m its 
' youth ' and again in its ' old age ' J In view of the fact that a gaseous 
body contracting under its own gravitation risea in temperature, until 
the laws of perfect gases cease to apply to it, we can hardly assert that a 
red star may not become hotter (under its own proportion of gaseous and 
liquid constituents) and finally pass into Class Ila or lo." 

On this paragraph I may remark that a reference to the 
names of the mani/ speetroscopists who do not accept the idea 
of a line of descending temperature only, would have been very 
interesting. 

Mr. Frost then goes to say : — 

" Nevertheless, Vogel's view that we can observe only the descending 
branch of the temperature curve of stars appears to be confirmed by 
many of the more recent 8j)ectroscopic discoveries. We may cite t he 
evidence afforded by the gaseous stai-s, by the intimate connection of 
nebula with stars of the first claas, hy the fact that the algol type vari- 
ables — apparently young systems — belong to the first claas, and by the 
relatively slight dei'.sity of the binaries with spectra of Type la as com- 
pared with those of the solar ciaas." 

I have given the above extract in fairnes.9 to Mr. Frost, but I 
must confess I do not follow his line of reasoning. It seems, 
also, to contradict the preceding paragraph. 

Phofessor Pickehing's Classification. 
In the classification of stars adopted by myself from a con- 
sideration of the visual observations in the first instance, only 



' AitTonomical Spedrotcopy, p. 31S. 
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the bro»der difiereiices is the spectra were taken into account. 
Pi-ofessor I'ickeriug, Iiuwever, has suggested a pTOvisiona! 
classibcatioQ in connection with the Heniy Draper Memorial, 
for this purpose using tlie series of photographs of stellar spectra 
taken with small dispersion. 

I am more glad than I can say that Professor Pickering, 
■who has now given many years, with the aid of appliances 
beyond all precedent, to the study of these questions, has 
ariived at conclusions strikingly similar to my own. 

In the first place he includes the nebula? as well as the stars 
in his system ; hut it ia right tliat I should add that he does 
not commit himself to any statementa relating to the relative 
temperature of the different groups, although he distinctly 
accepts the idea of evolution, or what he terms " an order of 
growth." 

He writes : — ' 

" In general, it may be stated tha.t, with a few exceptions, all tlie atan 
may be Brrauged in a sequence, begimiiDg witli the planetary nebulK, 
passing through the bright-line stars to the Orion stars, thence to tlie 
first type stars, and bj" insensible changes to the second and third tyje 
Btars. The evidence that the same jilan governs the construction of all 
pails of the visible universe is thus conclusive." 

Professor Pickering's results may be shown in tabular form, 
but first it will be well to show the general differences between 
the more recent classifications : — 



NebulfB . . 



Bright-line etara 

Mixed QntiDg stare 

Baik-line stars (aacendingj .. 

Broad bydro^n stars 

Solar Btara (descecditig) .. ., 
Carbon absorptioii stars . . . . . 



> Gronp I 



' Att. and Ait. Fhy>., 1893, p. IZi. 
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In his classification, Professor Picbering, loiilike Vogel, 
includes what I consider as the earliest stages, taking the 
planetary nehiila end such nebuhe as that of Orion into con- 
sideration ; he then comes to the bright-line stars, that is, stars 
in wliich bright lines form the main feature, and then to such 
stars as those of Orion ; and he ultimately places the Sun, as I 
also do, after such a star as Sirius. 

There are two departures in his classification froili that given 
by myself. One is tliat what I call the mixed-fluting groap of 
starSj ihat is, stare with both bright and dark flutings, repre- 
sented by several of the red, and brightest, stars in the heavens, 
he makes older than the Sun. And the class of stars which I 
group together and call Group VI, in which we get mainly the 
absorption of carbon in the atmosphere, he emits altogether, 
possibly for a very wise reason, as they are certainly the 
most difBcult stars to tackle ; but, after all, the divergencies in 
his classification from mine are small as compared with those 
between Dr. Vogel and myself, and Pickering, I repeat, like 
myself, attributes the variation to an " order of growth." 

This premised, tlic differences of sequence between I 
Pickering and myself may be shown as follows : — 



P. 



Professor Pickering, in the Draper Catalogue, combines like 
stars under the different letters of the alphabet. The distribu- 
tion of these letters in relation to my Groups is as follows : — 
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Nebulae 

Bright-line stars 

Mixed fluting stars 

Dark-line stars (ascending; . . . . 

Broad hydrogen stars 

Solar stars 

Carbon absorption stars 



Lockyer. 



} 



II 
III 
IV 

V 
VI 



Pickering. 
(Draper catalogue.) 



P. (Planetary nebulae) 

O. 

M. 

B. H. I. K (?). 

A. 

F. G. K. L. 

N. 



It will be seen that certain groups are represented by more 
than one letter, but it is to be noted that here again Professor 
Pickering and myself have arrived at very nearly similar results, 
for generally a different letter 'W'ith him represents a sub-group 
with me. This will be gathered from the subjoined table. 

TABLE SHOWING THE SUBDIVISIONS OF GEOUPS III AND V. 



Group. 
Ilia 
IlIjS 
III7 



Pickering. 
H. 

I. (some Q.) 
B. 



Va 


F. 


V/3 


G. 


V7 


K.L. 



With regard to Professor Pickering, then, I have chiefly to 
justify the place I have given to the stars of my Group II, 
which I place after the nebulae and bright-line stars (as before 
defined), and he places after the Sun. 

I fancy that one of the reasons which has led Professor 
Pickering to this conclusion is to be found in the assumption 
that strong indications of calcium and iron can only mark one 
stage of growth, while I think it is certain they must mark two. 

We know they mark the present stage of the Sun's history, 
and taking meteorites as we find them, a relatively low tem- 
perature would provide us with more calcium and iron vapours 
to act as absorbers round each one than anything else. 

Now we have strong indications of calcium and iron absorp- 



tioii in such stars as a Herculis as well as in the SuDj repre- 
sented among tho stai's hy Capella and ArctiiniH, hut the 
general appearance of the spectra of these stars is so different 
that both Secchi and Vogel have classified them apart, and so 
indeed does Professor Pickering. 

But the reason that I classified these stars also in different 
groups, and one on the rising and the other on the descending 
Bxra of the temperature curve, was that in those like a Herculis 
we have enormous variahility as well as bright Imes and flutings 
indicative of sparse swarms, wliile in those like the Sun the 
production of such phenomena is almost untliinkahie. The 
special variability of stars of my Group II (Secchi's type III) 
and the production of bright lines at maximum is now freely 
acknowledged. On this point Pi'ofessor Pickering remarks' : — 

"Long period variables in general are of the third type, and have the 
Hydrogen lines bright when near their maxima, as atatad above. This 
property haa led to the diBcovery of more than twenty objects of thia 
class, and no exception has been found of a star having this spectmm 
whose light does not really vary. Of the variables of long period which 
have been discovered visually, the hydrogen linea have been photographed 
as bright in forty-one, the greater portion of the others being too faint or 
too red to be studied with oui' present means." 

As said before, it seems impossible to imagine how our sun, 
as it proceeds along its " order of growth," should chauge into a 
body with such characteristics as these. But on this point we 
must wait for more large-scale photographic spectra ; in other 
■words, more facts. 

Associated with this change in the order of evolution. Pro- 
fessor Pickering classes the chief stars in Orion, such as Bella- 
trix, characterised by spectra containing the dark lines of 
hydrogen and the cleveite gases, together with a few other 
dark hues of unknown origin, as early forms. On this point 
I may also quote the following from Professor Campbell 
(Astronomy and Astro-Physics, 1894, p. 475) : — 

' All. and Ast. Fhyi., 1893, p. 721. 
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^^^1 " In coiiclueion, I think we can say, from the foregoing obeervatione, 

^^^^ that the spectra of the Wolf-Bayet stars are nut closely related t 

^^^^1 other kuown type. They a|)peiir te have aeverul points in comnioi 

^^^H the nebular and Orion type spectra ; but the last two a,ppt:ar to be much 

^^^B more cloaely related to e-&ch other than to the Wolf-Rayet spectra. It is, 

^^^1 therefore, difficult to place these stars between the nebulae &nd Orion 

^^^H stars. They ceitninly do not come after the Oriou stars, and c 

^^^H not like to place them before the uebula^ We can probably say that the 

^^^H bright lines are chromospheric, owing their ongia to very extensive and 

^^^H highly heated atmospheres, but Hliowing very little relation, i 

^^^H tion and physical condition, to that of our own sun. For the present, at 

^^^H least, this type of spectrum must be considered as distinct from every 

^^^B other known type, just as the nebular spectrum is distinct, and lite 

^^^1 the nebular spectrum conttuning lines whose origin i 

^^^1 aaaigned." 

^^H I sball show in the sequel the real cause of the great simi- 

^^1 larity of the eiwctra of the so-called Orion stars, and of the 

^^1 nebuhe as revealed by the new work. It is now possible to 

^^1 demonstrate that these bodies represent the extremes of celea- 

^^P tial temperatures, and hence in any scheme of evolution they 

^™ cannot be placed near each other. 



Dr. Scheineb's Views. 
Although Dr. Vogel and others apparently still hold ia the 
main to the classification which assiunes that all stars were 
created hot, and that nebulte have nothing to do with them ; 
that, in short, every star began in the highest stage of tempeis- 
ture, so that the whole liistory of every star in the heavens has 
been a process of cooling, there are signs of wavering here and 
there ; some of the definitions are being changed to meet the 
facts which the photographic record is pouring in upon us. I 
may take, as an instance, the following statement made by Dr, 
Scheiner with reference to a Cygui, which is classified by 
Dr. Vt^el as a solar star.* 



' The " figures" referred to are mi 

eiperienoo in these matters is that i 



ea of a photograph. VLj 
a a pure waste of time to measure i 
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" These figures plainly show that the apeotrum of a Cjgni, in spite of 
the large number of its lines, has no resemblance with that of the suu. 
While it is possible to identify most of the lines with solar lines in respect 
to their position, yet the total lack of agreement as to intensity of the 
lines makes many of these identifl cations worthless." ' 

A compariaon of enlai^ed photographs of the spectra of 
a Cygni and of the sun vAich Dr. Vogel classes toijeth&T, shows at 
once the diasimilarity pointed out above without any measure- 
ment whatever, I am glad to find that Ur. Scheiner now 
I regards the identification as " worthlesa," because it is such 
' differeneea as these which have compelled me to reject Dr. 
I Vogel's classification. 

As I shall show, it is in relation to the stars last referred to, 
, namely, those called the Orion stars, and others like » Cygni, 
t that laboratory study of the spectrum effects produced at the 
I highest temperature must be appealed to before any final con- 
I elusion may be drawn with regard to their ultimate classifica- 
tion; and, indeed, it is not too much to say that much of the 
work of the future, which eventually must smooth down all 
I differences between stellar classifications, must consist of the 
study of single lines in the spectra of different stars. 

I photograph until it has b^oD compared with otliorH to wliich it ia important t* 
I refer it, enlarged up to the uime ecole. In this I think I carry Frofeiaor 
I Kecler ivith me {Att. and A»l. Fhys., 1894, p. 485). " The coincidence of 
. . . Uuoa is ehown more beautifully by inepeetiOD of ... . photo- 
graphs than hy any process of meuuremBot." 

Aiironomical Spectroscopy, Frost's translation, p. 247. 



CHAPTEK XVI.— THE NEW CLA.SSI7ICATI0N TESTED 
BY PHOTOGRAPHS OF STELLAR SPECTfiA. 



The Object of the Inquiey, 

Ha VINT. saiJ so miicii on the different clasaitications of stars, 
and indicated, I trust judicially, that the one suggested by the 
meteoritic liypotlieais has met with no serious objections, I 
now pass oa to some recent work wMeli was undertaken to test. , 
it by a limited photographic survey. In the first instance I 
had used t!ie eye observations of others, for the reason t 
up to that time all my work bad been cliiefly directed to I 
sun. 

So aoon, howe\'er, as the jesearch rendered it necessary t^l 
determine the sun's true place among the stars in regard to its 
temperature aud physical conditions, arrangements were made 
to photograph the spectra of stars and nebulai, in order to test 
the view, employing a quite new basis of facts. This new basis 
of inquiry conaists of 443 photographs of 171 of the brighter 
stars. 

My object was not so much to obtain photographs of the 
spectra of a large number of stars, as to study in detail the 
spectra of comparatively few ; hence many of the stars have 
been photographed several times with special exposures and foci 
for different regions of the spectrum. 

As in the case of stellar spectra observed by eye, the photo- 
graphic spectra vary very considerably in passing from star to 
star. 



t 
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Having this new and accurate basis of induction, tlie objects 
■were to determine whether the hypothesis founded on eye 
■observations is also demanded by the photographs, and in the 
affirmative ease to discover and apply new testa of its validity 
or otherwise. 



The Method of Gkoupikg. 

' The basis upon wbicb tbe first grouping of the photographa 

■was founded was the extent of the eontinuons radiation at the 
blue end of the spectrum. Such a distinction was not possible 
in the ease of the eye observations first discussed. 

. One of Kirchhoffs first conclusions in the infancy of spectnuD 

analysis was that the hotter a light source the more its 
spectrum extends towards the violet and ultra-violet; and it 
is a fact of common knowledge that a white-hot poker is 
hotter than a red-hot one, the difference in colour being due to 
the addition of blue and violet light in the former case. 
On this point I wrote as follows in 1892 : — 

" An erroneous idea with, regard to the indications of the temperature 
of the stars has been held by those who have not considered the matter 

|i specially. It has been imagined tiiat the presence of the series of hydrogen 

I lines in the ultra-violet was of itaelf safficient evidence of a very high 
teniperatui'e. The experimenta of Comn, however, have shown that the 
complete aeries of lines can be seen with an ordinary spark without jar. 
Hence the high temperature of such a star as Sirias is not indicated by 
" the fact that its spectrum shows the wljoie series of hydrogen lines, but 
by the fact that there is bngkt eontinuoua radiation fm" in the lUCra-violet" 

"We shall not go far wrong in supposing that the star with 
the most intense continuous radiation in the ultra-violet is the 
hottest, independently of absorbing conditions, which, in the 
absence of evidence to the contrary, we must assume to follow 
the same law in all. 

A study of the stellar photographs taken at Kensington 
shows that there is a considerable variation in the distance to 
which the radiation extends in the ultra-violet. Some stellar 
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spectm Bttetch far into the ultra-violet, while others leave 
off about the line K, atid others again become dim between K 
and G. 

Juilgeil by this criterion alone, some of the hottest stars »> 
far observeil are y Orionis, f Orionie, a Virginis, 7 Pegasi, 
11 Urste Majoris, and X Tauri. Of atara of lower, but not mndi 
lower, temperature than the alx>ve, may be named Kigel, f Tauri, 
a Andromeda;, ^ Pei'sei. a P^aai, and B Tauri. 

The first thidg, then, to lie done was to adopt this aorting 
process to all the jjhotographa of stellur spectra I liaJ 
available. 

As a result of this preliminary sorting I obtained four 
marked groups ; and when it was completed, I was in a position 
to consider the variona divisions of the photographic spectra 
thus arrived at in relation to the groups which were pre- 
viously suggested from a discussion of eye observations. It is 
clear that if I got the same results the first conclusions would 
be strengthened. Since T had succeeded in obtaiuijig large 
disi^rsion photographs of the spectra, much detail was revealed, 
and hence I determined to deal with tlie presence or absence, 
or changes of intensity, of individual lines to a greater extent 
than Professor Pickering has done in his observations so tar 
published. 

Each of tlie four main groups determined by the length of 
spectrum in the violet was therefore next sub-divided into 
sub-groups by the most marked differences iu the spectral 
lines. I do not propose to give the detailed inquiry in this 
place. 

TuE First ItESDLia 

The important fact which stood out when the photograpliic 
attack had got so far was that, whether we took the varying 
thicknesses of the hydrogen lines or of the lines of other 
substances as the basis for the sub-arrangement of the spectra, 
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it was not possible to place all the stats in one line of 
temperature, but it was necessary to arrange the stars in two 
series. 

It must specially be borne in mind that the fundamental 
difference between other classifications and my own is that it 
demands the existence of bodies of increasing as well as bodies 
of decreasing temperatures. We have, therefore, to inquire 
how far this condition is satisfied by the mass of new facts at 
our disposal. This involves the consideration of some points 
in connection with the meteoritie hypothesis and a preliminary 
consideration of the probable effects of both increasing and 
decreasing temperatures. 

Early in my researches I pointed out' that the absorption 
phenomena in stellar spectra need not he identical at the same 
mean temperature on the ascending and descending sides of the 
cnrve, since, on the meteoritie hypothesis, there must be a 
considerable difference in the physical conditions. 

Still it was not to be expected that the differences in the line 
absorption would be very marked, and when I first suggested 
the new classification I fully recognised the diificnlty of sepa- 
rating Groups III and V Thus I wrote in 1888 :— 

"With our present knowledge, it la \ery difficult to separate thoae 
stars the groupitig of which ii determined hy line absorption into 
Groups III and V, for the rea.son that so far, seeing that only one line of 
temperature, and that a descending one, haa been coiiflidered, no efibrta 
have been made to establish the neuessarj criteria." 

In the following year I gave the results of some visual obser- 
vations of stellar spectra which seemed to justify the separation 
of the stars with line spectra into two groups, and to suggest 
the necessary criteria for distinguishing them. 

In a condensing swarm the centre of which is undergoing 
meteoritie bombardment from all sides, there cannot be the 
equivalent of the solar chromosphere ; the whole mass is made 
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up of heterogeneous vapour at different temperatures, and 
moving with different velocities in differeut regions. 

Some of the collisions may be eud-ou while others may be 
mere grazes, so that a mixed spectrum of high and low tem- 
perature lines might be expected. 

In a condensed swann, of which we can take the sun as a 
type, all action produced from without has practically ceased; 
we get relatively a quiet atmosphere and an orderly assortment 
of the vapours from top to bottom. But still, on the view that 
the differences in the spectra of the lieavcnly bodies chiefly 
represent differences in degree of condensation and temperature, 
there can be, itu fond, no great chemical difference betweea 
bodies of increasing and bodies of decreasing temperature. 
Hence it is exceedingly probable that at equal mean teiu- 
peraturea on opposite sides of the temperature curve this 
chemical similarity of the absorbing vapoura will result in 
many points of resemblance in the spectra. 

This being premised, it is desirable to obtain a first approxi- 
mation to the various phenomena •whicli may be expected to 
occur under the different conditions of ascending and descending 
temperatures ; conaiderationa relating to the special chemical 
indications involved must be couaidered later. 

The material involved in the discussion, according to the 
hypothesis we are dealing with, is meteoritic iu its nature, and 
its temperature is low. This is the antithesis of Laplace's view, 
who held that it was gaseous and hot, and the first bodies con- 
sidered, in which, owing to collisious, a condition of greater heat 
and visibility has been brought about, are the nebulae and bright 
line stars. These constitute Group I in my classification. From 
these collisions, under the action of gravity, condensations will 
be produced. 

Initially each pair of meteorites in collision may be regarded 
as a condensatiou. 

Ultimately, when all the meteorites in the ewami which fii'st 
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appeared as a nebula are volatilised, there will only be one 
condenaatiou, in the shape of a spherical mass of vapour. 
Between these points there must be other conditions, 
I will take each of the groups seriaiiin. 



Group I. — NebuJw and Bright Line Stars. 

Here we shall be dealing chiefly with interspaces, and, there- 
fore, with gases, as opposed to metallio vapours. 

The bright lines seen in the nebiilie shoiild have three 
origins : — 

(1) The lines of those substances which occupy the greatest 
volume (or largest area iu a section) ; in other words, 
the lines of those substances which are driven furthest 
out from the meteorites and occupy the interspaces, 
when possibly they may be rendered luminous by elec- 
tricity. These, of course, will be gases. With regard to 
the metallic lines the following assumptions may be 
made. 

(2) The most numerous coUisions between the meteorites 
in the swarm will be partial ones — grazes —sufficient 
only to produce slight rises in temperature. The 
nebulai' spectrum, so far as it is produced by this cause, 
will therefore depend upon the phenomena produced in 
greatest number, and we may therefore expect to find 
the low temperature lines of various metallic sub- 
stances. 

(3) In addition to the largo number of partial collisions 
there may be a relatively small number of end-on 
collisions, producing very high temperature, and so far 
as this cause is concerned, there may be some metallic 
liuea produced which are associated with very high 
temperatures. 
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Oil the hypothesis, the lines seen in the spectra of normal 
bright-line stars should, in the main, resemble those which 
appear in nebulie. They will differ, however, for two 

reasons : — 

(1) Owing to partial condensation of the swarm the 
gaseous area will be restricted, and the bright lines of 
gases will lose their prominence. 

(2) On account of the increased number of collisions, 
more meteorites will be rendered incandescent, and t ha 
continuous spectrum will be brighter than in nebulie, ^M 



Grcnip ir. — Stars with Bright and Dark Flutings. 

At the stage of condensation following those of the nebuliB 
and bright line stai's, the bright lines from the interspaces 
will be masked by corresponding dark ones produced by the 
aljsorption of the same vapours surrounding the incandescent 
meteorites. One part of the swarm will give blight lines, 
another dark lines at the same wave-lengths, and these lines 
will lose tlieir importance in the spectrum. The interspaces 
will be restricted so that absorption phenomena will be in 
excess, and the first most olivious absorption will be that due 
to low temperature vapours, that is, fiutiug absorptions of 
various metals. Under these conditions we know from labora- 
tory experiments^ that the amount of continuous absorption at 
the blue end will be at a maximum. The radiation spectrum 
of the interspace will now be chiefly that of the gEtses evolved 
from meteorites. 

The final condition of this stage will be that line absorption 
will become more developed, and tlie fluting absorption will 
decrease, both conditions being produced in different regions of 
action in the agitated swarm. 
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Group III. — Star& of Inci'ms'mg Tevipwaiin-c v:ith Line, 
Spectra. 

With further condeoBation the radiation spectrum of the 
interspaces will disappear, and the fluting absorptions will he 
completely replaced hy dark lines, for the reason that the 
incandescent meteorites will he surrounded hy vapours produced 
at a higher temperature, tlie numher of violent collisions per 
unit time and volume heing now greatly increased. The line 
ahsorption and the continuous ahsorption at the hlue end of the 
spectmm will diminish. The number of violent collisions per 
unit time and volume heing still further increased, we should 
'5xpect finally to deal only with those hnes which have been 
gradually getting stronger, from whatever cause, during the 
previous stages. 

It may be stated generally that, while the intense and 
irregular action is going on in various parts of the condensing 
mass, we may have eflects which are much less likely to he 
produced after the action has ceased. "We may get indications 
of many different temperatures, and the lines maybe broadened, 
as they are in Nova;, in consequence of different velocities. 



Chvup IV. — Stars of the 



Temperature. 



The stars with the simplest line absorption are collected 
together in Group IV, These stars will present to us the final 
result brought about by the successive stages of condensation. 
The continuous ahsorption in the violet will be at a minimum. 



Group V. — Stars of Decreasing Temperatuj'e. 

When we consider the cooling condition, that is, what 
happens when the temperature of the mass of vapour is no 
longer increased hy the fall towards the centre of meteorites 
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composing the initial 8^Yarra, we should expect to ficd the 
phenomena met with in stars with ascending temperatures 
presented in the. main in the inverse order. These stara form 
Groups V and VI. 

The lines seen broadest at the higher temperatures will con- 
tinue to thin out. At an early stage tlie spectra will show the 
re -introduction of some of the lines which disappeared in the 
later stages in the ascending series. 

Tlie new lines will not necessarily he the same as those 
observed in connection with the stars of increasing tem- 
perature.' In the latter there will be the perpetual explosions 
of the meteorites affecting the special atmosphere of each, 
whereas in a cooling mass of vapour we have to deal with 
general phenomena. 

With this increasing line absorption there will he a recur- 
rence of the continuous absorption in the ultra-violet. 

With the further thinning of the lines broadest at the highest 
temperature and reduction of temperature of the atmosphere 
the absorption flutings of compounds sliould come in. 



So much, then, for what we should expect, assuming the 
hypothesis to be true. The result of the photographic survey 
quite justified these conclusions, and the remarkable facts stood 
out quite clearly — 

(1) That the stars may be truly classified into two series, 
one of ascending, another of descending, temperatures, 

(2) That at the highest temperatures in both series we 
deal chiefly with hydrogen and the Cleveite gases, as 
already stated in Oliap. V, while at the lower tem- 
peratures on both sides we deal chiefly with low tem- 
perature arc and flame spectra of the metallic elements. 
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Of the intermediate stars the knowledge was not so absolute, 
and obviously a further study was required. Many lines were 
classed as unknown, and the departures from the intensity of 
the lines in the spectra of the metallic elements were very 
marked. 

As had been anticipated, there were some marked variations 
in the stellar spectra, which on other grounds appeared to be of 
about the same mean temperature on both arms of the curve. 



OlIAl'TEU XVII.— SOME NEW LABORATORY WOH 



Itb Object. 

I SHOWED in the last chapter that, although the photogTaphi<5 
survey of atellar spectra whioh I had undertaken appeared to 
amply justify the clasaificatiuu which wa.^ based on the meteo- 
ritic hypothesis in. the main, there were ditficulties and uncer- 
tainties which required to be studied in the light of further 
work. 

These difficulties Lad to do with the stars of intermi 
temperature in which tlie intensities of some of the mel 
lines were widely chan; 

That the intensities of such lines could change had been 
known, but, unfortunately for the present inq^uiry, dealing 
the photographic, region, the old observations had been made iu 
the visible part of the spectrum chiefly and iu relation to the 
sun, in which body changes of liue intensity of the most 
remarkable character had been recognised and commented upon. 
It became of importance, therefore, to extend the observations 
of terrestrial spectra into the photographic region for the pur- 
pose of making',the comparisons which were necessary for con- 
tinuing the inquiry into the stellar spectra. Accordingly this 
work, which consisted of photographing metallic spectra at the 
highest available temperature, was next undertaken. In order 
to show the precise reason for it a few words by way 
introduction 



iirther 
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Long and Shout Links. 
As early as 1872' I showed that when an image of a ligltf 
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source is throwu on the slit of a spoctroscope the lines are seen 
of different lengths. The long lines represent the vapoura 
which extend furthest fram the centre of the light source, the 
ahort lines those which exist only at the centre. The adoption 
of this method of work enabled me to estahlish that when a 
metallic vapour is subjected at any one temperature to admix- 
ture with another gas or vapour, or to reduced pressure, ita 
spectrum becomes simplified by the abstraction of the shortesi 
lines as well as by the thinning of many lovff ones. 
In another communication,' in 1873, 1 added that— 

" The teat formerly relied on to decide the jiresence or absence of a 
metal in tlie aun (namely, the presence or absence of the briglitest and 
strongest lines of the metal in question in the average solar spectrum) 
was not a final one ; and that the trae test waa the presence or absence uf 
the longete line." 

I gave a photograph of the spectrum of iron produced when 
an image of a horizontal voltaic arc was passed between iron 
poles and projected on to the vertical slit of a Steinheil spectro- 
scope. 

On the strength of the criterion thus established, I was 
enabled to announce the presence of many metallic elements in 
the sun's atmosphere not hitherto detected. 



Some Shokt Lines indicate the Effects of High 
Tbmperatuees. 

It was generally assumed in the first instance that the short 
lines were true products of the greater heat of the centre of the 
arc. 

Subsequent work with the jar spark, in 1876" and 1878", 

I Fhil. Trana., 1874, Tol. oliir, Fuji 2, p. 490. 
= Froc. Sag. Sac, toI. iiiy, p. 352. 
' Jitii., Tol. iiTiii, p. 157. 
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showed that at spark temperatun^B some of the shorter am lines 
hehaved differently from others. Among these lincH may le 
mentioned the two lines of calcium producing the solar lines H 
and Kand two lines of ironat4924'l and 5018'6 (on liowlaad's 
scale of wave-length). 

These lilies were enhanced in intensity oil passing from ilu; 
UmpcTiiture of tht arc to that of the spark, while many aimilar 
lines disappeared ; it was foiiiid that the lines thus i^nlianced 
ia intensity were of considerable importance in the spectrmn 
of the solar chromosphere. 

These facts seemed to show that short lines might be pro- 
duced by two causes : (1) the increased temperature of the centre 
of the are ; (2) the rapid breaking up of the solid metal used as 
poles into various complex molecular groupings as the vapours 
passed from the core to the outer edge of the arc.' Tfiis last 
action was apparently responsible for by far the greater portioa 
of the short lines. 

Flame Arc, asd Sfaek Lines. ^^| 



In 1879 I attempted to caiTy the matter further by volatilis- 
ing those substances which give us spectra in a Bunsen flame 
and passing a strong spark through tlie flame, first during the 
process of volatilisation, the substance being put into the flame 
just below the platinums ; and then after the teniperatui-e of the 
flame has produced all the simplification it is capable of produc- 
ing, the substance in this case being introduced into the base of 
the flame. The passage from flame to spark represented a 
stronger case than the passage from arc to spark, and the view 
that the above-named two causes were at work was greatly 
strengthened by the observations of magnesium, lithium, and 
many other metals. In the first place, the differences ob- 
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served in dealing with different quautitiea were attributed to 
the fact that " the more there is to dissociate, the more time is 
required to run through the aeries, and the better the first stages 



Further, lines invisible in the iiame spectrum when the spark 
wag not passing were rendered visible by the passage of the 
spark. The blue line of lithium about \ 4602 and the line of 
magnesium about \ 4481 may be given as examples. Some of 
the flame lines were dimmed or became invisible at the time of 
the production of the new lines. The lines intensified by the 
spark in the flame were the same as those enhanced on the 
passage from the arc to the spark. 

This strengthened the view that the result of a higher tem- 
perature was to produce an important change in the spectrum, 
and it toas conceivable that in a space mtirely heated up to the 
highest temperature the specirum would consist entirely of the 
enhanced lines. 

The employment of the flame in the experiment just referred 
to suggested a series of observations at flame temperatures with 
a view of noting the difference between the flame and arc 
spectra. The oxyhydrogen flame as well as the Eunsen was 
employed, and observations of the spectrum were made when 
various metals were volatilised in the flame. 

The general result of this line of work was to show that there 
was a step similar in kind to that from arc to spark between 
the flame and arc. To take iron as a case in point, a few lines 
only constitute the spectrum of the flame. The number is 
enormously increased on passing to the are, but none of the 
ilame lines are dropped. 

By these and other experiments it was firmly established 
that the intensities of the lines common to the flame, arc and 
spark differ greatly at the three temperatures ; so that the three 
stages of flame, arc, and spark lines are now generally 
recognised. 
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I uext refer to one or two instances of the bearing of these 
results upon solar phenomena and the truly exti-aordinary 
variations observed when minute inquiries are made and con- 
tinued, for " snap-shots " are quite useless in such investigations 
aa thes& 

The differences maybe shown either by the variations 
tween the various spectrum phenomena, such as spots 
prominences, and the ordinai-y solar spectrum, which is constant 
in spite of all local changes, or between the spot and promi- 
nence themselves in different regions and at difi'erent ti 
they are all set out in detail in my Cliemislry of the. Smi. 

Let me begin with comparisons between the ordinary 
spectrum and that of the chromosphere. 

In the visible region of the spectrum, iron is represeot 
nearly a thousand Fraonhofer lines ; in the chromosphere fl 
only two representatives. 

I showed in 1879 that there was no connection what 
between the spectra of calcium, barium, iron, and manganese 
and the chromosphere spectrum beyond certain coincidences of 
wave-length. The long lines seen in laboratory experiments 
are suppressed, and the feeble lines exalted. In the Fi 
hofer spectrum the relative intensities of the lines are qi 
different from those of coincident lines in the chromospht 

In sun spots we deal with one set of iron lines, in the 
mosphere with another. 

At the maximum sun-spot period the lines widened i] 
spectra are nearly all unknown ; at the minimum they are 
due to iron and other familiar substances. 

The up-rush or down-rush ot the so-called iron vapour it 
registered equally by all the iron hnes, as it should be on 
non-dissociation hypothesis. Thus, as I first observed in 1. 
while motion is sometimes shown by the change of reframn- 
bility of some lines attributed to iron, other adjacent iron lines 
indicate a state of absolute rest. 
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It became obvious then that the change of intensity of 
spectral lines was a question of prime importance. 

In a communication to the Eoyal Society in 1879, I 
pointed out that certain metallic lines were visible only at 
high temperntnrea, and that such work would help us in the 
study of " the atmospheres of the hottest stars," ^ In the same 
connection, in the Chemistry of the Sun, published in 1887, I 
gave the diagrams, here reproduced, indicating the lines of 




FjB. 73,— Tlii; Torious i 
of incrpasing tempe 



■s uC the lin 



^leaium arranged in order 
of incrpasing tempBratureB. The Jinee marked a, h, c, d, e, in the diagmms 
have the following wave-IengtliB ; — 52098, 6167-5—5183-8 (i group), 
4703-3,4571-3, 448] -3. 



' Proe. Soy. Sue 



II, p. 23, 1870. 
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uiagnesium visible nt various temperatures in the laboratory 
ttiid in the siiq and promiiioncoa. 

I luii i-ejoiced to find that tlic Potsdam observers are at length 
beginning to take this matter up. T)r. Scheiner has recently 
called attention to the behaviour of the line 4481"3 of niagne- 
eium, and agrees that tlie variations in the line observed are due 
to differences of temperature, and that therefore it may be u 
as a Btellar thermometer.' 

Had Dr. Scheiner been acquainted with my eighteeu-yM 
old work, I am certain he would iiave done me the honour S 
quote, or at all events to refer to, it. 

Ill the above diagram. Fig, 73, I indicate that the magnesium 
line at 4481-3 appears alone among the blue lines in the s 
chromosphere.' 



Details of the New Work. 
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The object of the new researches then was to see whetfi 
certain stellar anomalies in the photographic region followed 
8uit with the solar anomalies wliich had been observed hy eye. 

For the new inquiries I have employed two storage cells 
giving a current of 7 amperes at 8 volts, with an Appa in- 
tensity coil giving a spark of 10 inches, and a jar capacity of 
about 0'03 microfarad. 

The photographs were taken with an instrument having two 
prisms of 60°, a collimator of 3 inches aperture and 5 feet focus, 
and a photographic lens of 19 inches focal length. A Eowland 

' AiiroHomical Spectroicopt/, p. B. 

■ Dr. 3oheicer in referring to the laniB line in a Ojgui writes na followi : — 
" The magnesium line at X 4481 in the strongeat in the entire Bpectrum. Tbs 
otber strong llaes coincide far the moat part Kttli the fainter aalar linea. The 
preience of numerous iron lines can bo gcarcolj doubted, but here again irn 
hnye the paouliai phenomenon that the fainter, instead of the atrongei", linu 
occur. We mij conclude from nil these facta that letj different conditions u 
to temperature must prerail in aCjgni from those in the stars oE CIbbs la." — 
Scheiner's Ailronomical Speclroscop^, Frost's trauslation, p. 247. 
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grating of 21 feet 6 inches radius, with 20,000 lines to tlie 
iiicli has also been employed. 



T>vn. 

I shall begin my account of the new work by deahiig with 
iron. 

Among the iron lines are two triplets, or seta of three lines, 
giving an example of repetitions of structure in different parts 
of the spectrum ; one of them is less refrangible than G, and 
the other falls between h and H. In 1878 I referred to these 
as follows : — 

" In many photographs in which iron has been compared with other 
bodies, and in others, again, in which iron has heen photographed aa ex- 
isting in different degrees of impurity in other bodies, these triplets have 
been seen almost aloue, and the relative intensity of them, aa compared 
with the few remaining lines, is greatly changed, lu this these photo- 
graplis resemble one I took three years ago, in which a large coil and jar 
weie employed instead of the are. In this the triplet near G is very 
marked ; the two adjacent lines more refrangible near it, which are seen 
nearly as strong as the triplet itself in some of the arc photographs I 
possess, are only very faintly visible, while dimmer still are seen the linea 
of the triplet between H and h."' 

To clear the ground, it was important to determine whether 
the generally observed dropping out of lines in the spark 
depends upon the diminished quantity of incandescent vapour 
as compared with that in the arc. 

With the brilliant spark obtained under the new conditions 
there is little difference between arc and spark with regard 
to the number of lines. Hence it may be concluded that the 
small number of lines previously recorded in the spark spec- 
trum was not an effect of increased temperature, but one due to 
the small quantity of vapour produced by the use of a small 
coih 

The next point was to inquire if the photographic region of 
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I we tike equivalents of those 
M-1 mmi 5«l«« (UmAmin mdt). which I had previously 
I to W tfoh— wH m fWWft frooi the arc to the spaik 
■ to wkkb aervnl solar anomalies had 



Sena adfitiaBal Uma mve detected in the photographs at 
lOe fbOonng nve4nstlB ob Bowlud's scale: — i233-3, 
1 450S^. 451^4. 45304. 45237. ASl^. 45&1'0. 

These have be^ eemSrmtai hr a refenaice to the map of 
I of inn p«htidHd ^ I>r. McClean,' and 
e at 45S4-0 ai^ 4233-3 in my paper 
■ the an ^erirM of dectnljtie inn.* 

Ah them an^ar as don Kmb in the are spectram, so that 

Efte Tiew theft the dkoit Bbbs iriuch af^tcar in the arc speclrum 

tan be divided iido two ot^ones. one indading the Unes 

which an hc^ttoted in the a^ufc, aad the other the lines which 

ate not so ■»— t"»**tl is j^»»fim ifil 

Having thas nwtihHuVd that there are diSerences between 
the arc and ^ark speetrum, and that then differences are not 
doe to the diflexeat qoantities of vapoor in the two cases, it 
t he com^oded diat a diSueuie of taaperatore is the main 



T— :*™*™g the Bit spectmm Uioi, fiiar distinct temperatiue 
stages are indicated by the vaiTing ^lectiiiiB o£ iroD : — 

(1) Ihe Ibme ^KctraK, coosistiaig of a few lines only, iii- 
doding the well-4nown tiqilets and aany stn»g lines ic the 
nltn-Ticd^ 

(3) The arc spectram oonsBtiB^ acGotding to Rowland, of 
SOOO lines ormoK. 

(3) The spark spectnm. diflezii^ fmm Ae arc spectmm in 



' A«r. Mmf. Sae^ vaL xwsS, f.WA. 
> jr>^^r JMhwv d^ <oL K. 
» na, Trn^ T^ ttEHT. A. PPL 906, »G. 
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the enhancement of 3ome of the short lines and the reduced 
brightness of others, 

(4) A spectrum consisting of the lines which aie intensified 
in the spark. This we can conceive to be visible alone at the 
highest temperature in a space efficiently shielded from the 
action of all lower ones, since the enhanced lines behave like 
those of a metal when a compound of a metal is broken up by 
the action of heat. 

A complete list of the iron lines seen at the different tem- 
peratures would be too long to reproduce here, so that the 
following statement of intensities is limited to the lines en- 
hanced in the spark. The behaviour of these lines under the 
different conditions of experiment is as follows : — 

LINES OS IKOH WHICH AKB ENHANCED IN SPARE. 


1 




Ware- 

(Bowland). 


loteiiHity 


Intensity in 
Bre(K&R) 
Mai. = 10. 


Length in 

are(L) 
Max. ■= 10. 


Intensity in 


Intensity in 
hot apark 

Mai. = 10. 


1 


4233-3 

4508-5 
4515-4 
4320-4 
4522-7 
4549-6 
4584-0 
4984 1 
6018-6 






5 
4 
3 


6 


4 
4 
2 
4 
G 
7 
6 
6 


1 


K i a = Kijaer und Buiige, T = Thftlfin, L = Lookjer. 

Calcmm. 

I next proceed to consider the results obtained in the case of 
calcium. 

Among the chief observations of the spectrum of this metal 
are those made by Thal^n, Kayser and Eunge, and myself. 

Thaldn chiefly confined himself to a study of the spectrum at 


J 
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the temperature of the «park, the obserratioiks of Messrs. 
Kayser and Range have been limited to tbe arc specbuni, 
while my own investi^tions have imda^d all conditiona ol 
temperature avaiUble in Ubormtory experiments. 

As I showed in 1876,' tbe most characteristic low t«mper&- 
tnre line \s that at X 4226-9, while the H and K. Ihiea are pre- 
eminent at high temperatures. The new work with the spark 
from the large intensity coil and lai^ jars has shown that all 
the lines recorded by Eayaer and Eunge in the arc spectmm 
appear also in the spark spectrom, but with the exception of H 
and K, and two lines at wave-lengtha 3706-18 and 3737-08. 
which do not appear to have been previously recorded in the 
spark, they appear with reduced relative intensities. The two 
ultra-violet lines are enormously enhanced in the spark- 
As in the case of iron, four temperature steps can be recog- 



(1) The flame spectrum, in which tbe blue line 42269 is 
predomiuant, H and K and a few other lines being very feeble. 

(2) The arc spectrum, in which the H and K lines are of 
about the same brightness as the blue line, while other feebler 
lines also appear. 

(3) The spark spectnun, in which nearly all the lines of the 
arc spectrum are seen, but with reduced intensities, except in 
the case of H and K, which remain very bright, and two lines 
at 3706-18 aad 373708, which are also very bright. 

(4) A spectrum consistiog of the two lines at 3706-18 and 
373708, and the H and K lines, corresponding to a tempera- 
ture higher than the average temperature of the spark, as before 
explained. 

The complete spectra actually recorded are shown in the 
following table : — 



^^^ 
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CALCIUM. 






WBTB-langih. 
(E and R.) 


Inteaeitr in 
flame (L). 
Ma». = 10. 


Intemifj 

ilh. 


Length in 
arc (L). 
Mar. = 10. 


Intensity in 


Intensity in 
hot Bpark 

(lV 

Mat. = 10. 




3706-18 


_ 


4 


„ 


_ 


8 




3737 -OB 




4 






10 






K 3983-83 


3 


10 


10 


10 


10 






3849 -09 




4 






1 






8S57 '23 




6 






1 






H 3968 '63 




10 


10 


10 


10 






3973 -89 




6 


4 




2 






4092-83 






2 


2 


1 






-I095-2S 




2 






trace 






4098-82 




4 


4 


2 








4226-91 


10 


10 


10 


10 


6 






4238-00 






2 










4240-58 




4 




2 








42S3-16 




8 


6 


8 


2 






4289-51 




8 


6 




2 






4299-14 




6 


6 


6 


2 






4302 '68 


1 


10 


6 


10 


3 






4307 '91 




8 


6 


6 


1 






4318 -80 


1 


8 


6 


8 


2 






4355 '41 




6 


4 




1 






4426-61 




10 




10 


2 






4436-131 
4435-86 ■ 


1 


10 
8 


} ' 


10 
2 


} • 






4454 -97' 


2 


10 


8 


10 








4456-08 . 




8 




2 


4 






4456-81 




4 












4508-04 




1 






I 1 






4509 -89 




1 










4512 -73 




1 






1 






4527-17 




6 






1 






4578-82 




8 




4 


1 






4581-66 




8 


"3 
O 


4 


1 






4686-12 




10 


4 


2 






4624-7 




1 












4685-40 


- 


4 




- 


— 






K& 


B = Kaysar and Kunge, T — ThaJen, L = Loetjcr. 






Magnesiuvi. ^^H 


^Hp Among ot 


ler substances investigated in my earlier work was ^^| 


^^bagnesium. 


■ 




I showec 


in 1879' tliat in the flame spectrum the 


two less ^H 




L 


' Proc. Sot/. Son., Tol. HI, p. 22. 
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refrangible members of the b group were aeen associated with a 
lens refrangible line nt 5210, making a tiiplet with them, while 
a line in the blue at wave-length 4571'3, and a aeries of flutings 
were also seen ; on passing the spark, the bhie line of the flame 
disappears, as well as the flame companion to b, while two new 
blue lines make their appearance at wave-lengths 4481*3 and 
4703-3. 

Among the apiirk lines is one at X 4481, to which a brief 
reference wna made in the preceding chapter. I first observed 
and thus described it in 1872 ■} 

" This is a very brilliant winged line, but it appears abort. Ttuljo 
makes it of the same intensity as the two at 4T03'5 and 4586*5 ; bat 
while this is excessively bright to me, 47D3'0 ia faint and 458S-5 in- 
vimble." 

Taking i as having a length denoted by 4, 1 gave the leugth 
of this line at 4181 as 1 : I also stated that it was not aeen in 
the spectrum of the chloride, although the 6 group was distinctlj' 
aeen. The liue at 4481 has not to my knowledge been recorded 
by any obaerver as present in the arc apectruni, but a recent 
photograph shows it as a rather feeblm hue in the arc between 
potea conaisting of magnesium. Using the large coil and jais. 
the line has also been photographed in the apectmm of the 
chloride ; indeed all the lines recorded in the arc by Kayser 
and Eunge have been photograplied in the spark spectrum of 
the metal. 

The work with the large jars has also resulted in the detec- 
tion of another line of magnesium about wave-length 4395, 
which does not appear in the arc spectrum, and the line about 
45874 observed by Thali5n also shows itself feebly. The 
former of these in fairly bright and seema to be closely asso- 
ciated with 4481. 

Again there are four distinct temperature steps, namely : 

' Phil. Tram., 1873, toI. cliiii, Part 1, p. 267. 
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(1) The flame spectrum, represented by lines at 4571-3 and 
b, a triplet in the ultra-violet, commencing with a line at 
3734, and two flutings, one commencing at 5210 and the other 
at 500li-5.i 

(2) The arc speetmm, comprising b, a line at 43521S, and 
another triplet in the nltrii-violet, commencing with 38384, 
4481 being almost invisible, while 4395 and 4587 are qiute 
invisible. 

(3) The spark spectrum, including all the arc lines, but 
with 4481 intensely bright, 4395 fati'ly bright though short, 
and 4587'4 rather feeble. 

(4) As 4481, 4395, and 4587'4 are much intensified in the 
spark spectrum, we can conceive a fourth stage at a still higher 
temperature, when magnesium would be represented by these 
lines alone. The complete spectra of magnesium under the 
three conditions at which observations can be made are indicated 
in the accompanying table. 



' Messra, LiTeing and Dewor buve aacribed these flutinga to compuui 
laagneeiuni with hjdrogen and oijgen reapeetiTely, but whether tboy are i 
.0 the metal itself is immateriBl for my present purpoae. 
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HAos^nru. 



Ware-lraeth. 


Intenralf 
iaflming 


Intentitr 
UU.-IO. 


Length in 
Mu. = 10. 


inapu-k 

u»i. =-ia 


loUmitjin 
hotspul 

(L). 
M«i.-ie. 


3720 


8 


_ 


_ 


_ 


_ 


3724 


8 






_ 




3T30 


6 










3829 -61 


4 


lo 


10 


10(C) 


10 


3832-46 


6 


10 


10 


10(C) 


10 


3B3B-41 


8 


10 


n 


10(C) 


10 


3860-2 




4 L 




4. 


2 


38G6-2 




5(L 




4 (HA A) 


4 


8892-7 




3 L 




4 




3896-7 




3 L 




4 (H ft A) 


4 


3987-08 




2 






£ 


4068-45 




a 




2 (LAD) 


1 


4167 -81 










4 


4352-18 




s 


10 




5 


4395 










3 


4481-3 








8 


10 


4571 33 


7 


4 


1 


2 (L & D) 


2 


4587-4 








4 


S 


4703-33 




8 


6 


6 


4 


4730 -42 




I 






3 


5006-5 


10 




— 






[6167-55 




8 


3 


8 


7 


44 6172-97 


10 


10 


6 


9 


9 


15183-84 


10 


in 


5 


10 


10 


52HI 


10 











K A B " Eayier uid Bunge. 

T = ThsJ&i. 

C — Cornu. 

H 4 A = Hartlej and Adenpy. 

h &, D = Liveing and Dewsr. 



f CHAPTEE XVIII— APPLICATION OF THE NEW 

L LABORATORY WORK TO STELLAR CLASSIFICATION. 

Method Employed. 

The enhanced lines referred to in the last chapter have 
proved a real open sesame in tlie inquiry which now concerns 
us. It turns out that many of them iiave been formerly classed 
as unknown in stellar spectra, and that a complete study of all 
places in our hands a hitherto undreamt of instrument to be 
employed in minute stellar classification. 

I am also glad to be able to say that its operation is moat 
valid just in that region in which, as I pointed out in Chapter 
XV, further light was necessary to enable us to overcome 
difficulties and clear up uncertainties. 

The photographic survey indicated that some of the principal 
atarg might be arranged as follows, in order of ascending tem- 
perature, the hottest of them being placed at the top of the 
list, 

Eellatrix, 

f Tauri, 

Rigel, 

Tj Leonia, 

a Cygni, 

7 Cygni, 

a Tauti, 

a Orionia, 



1 that there were other coohng stars 



our sun, some of 
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^^^H which could alfio be arranged in the following! order of descend- 

^^^H ing temperature : — ' 

^^^P LSiiius, 

^^^^L j3 Arietis, 

^^^^^^^^■^ FrocjoD, 

^^^^^^^^B Capella, 

^^^^^^^^F Arctums (Son), 

^^^^P Arctums is bracketed with the sun, because I have shown 

^^^H that its spectrum is like that of the sun, line for line.' 

^^^H A etill longer list of stais of desceudlng temperature is as 

^^^B follows, Bellatrix, for the present, being taken a.s before as 

^^^L representative of the hottest stars : — 

^^^^^^^L Belktnx, 

^^^^^^H jSPeisei, 

^^^^^^^^H Frocjon, 

^^^^P Arcturos. 

I 



a.s before as 
e hotter stfl|^| 



Although the discussion specially deals with the 
it is necessary to include references to the cooler ones in order 
to contrast the behaviour of the high temperature lines with 
those which are eharacMristic of low temperatures, and further, 
to compare the appearances cf the lines at different si 
temperatures. 

I Ononis is taken as a typical case of a relatively cool 
which is bright enough to be studied with sufficient precision 
for our present purpose. 

The way in which I have attempted to use the new informa- 
tion is the following : — A special examination of the photo- 
graphs of the selected list of stars has been made in relation 
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to the linea of the three metala first inquired into, namely, iron, 
calcium, and magnesium, and maps have heen drawn to indicate 
the behaviour of the enhanced lines in each stellar spectmin. 
In the maps the lines photographed in the spectrum of each 
star are drawn with lengths proportional to their estimated 
intensities, the strongest line in each being represented by aline 
equal to the full width of the strip devoted to each spectrum. 



ASCESDING TeMI'ERATUKES. 

Iron. 

I began with iron, as it is the substance to which I have 

given the longest study. The accompanying diagram (Fig. 74) 

shows the resiik.'i obtained:— 
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The vai'ious results leeoi'ded in the map may be stated as 
follows : — 

In a Orionis we have iron represented by low temperature 
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lines cotTeBponding to a temperature intermediate between tie 
tirflt and second stages. 

Only two of its more promiuent lines may coincide willi 
enhanced lines in the r^on compared. As there are so many 
lines in the spectrum of this star, it ia possible that these majr 
be only chance coincidences, and this is the more probable sintt' 
the lines wliich are most enhanced are certainly absent. Farther, 
I have already shown' that 

"Tliti temperature of the most important iron-absorbing regitm in 
a Urionia ia ne&rer that of the oxy-coal-gaa flame than that of the (lectrie 
»re ; it is probable that the average terapera.ture ia intairnediate between 
that of the arc and that of the flame, but nearer to the la.tter." 

Passing to 7 C'ygni, the iron lines confirm the idea that lie 
temperature is higher than in a Ononis. Here the enhanced 
lines of iron are stronger than the arc lines representative of the 
suconil stage of temperature ; that is, the temperature is ap- 
prodc'hing the fourth stage. 

In « Cygui, in which star, to judge by the extension of 
the spectrum towards the violet, the temperature is higher, 
tho enhanced lines of iron are among the strongest in the whole 
Hpoctruui. At the same time, some of the stronger lines of the 
8Uih:o 2 spectrum, including the triplets, also appear, but they 
aro very feeble as compared with the lines of stage 4. 

lloro, then, we probably have absorbing iron vapour at a 
tuiiiperiitui-e very nearly approaching the fourth stage. If tliis 
result be confirmetl, we at once get an explanation of the great 
dilVoivnccs of intensity between the lines in a Cygni which 
coincide with iron lines, and those which appear in the spectrum 
of iron as ol>Sf rved terreatrially with an unshielded arc, 

ij l^onis I'epreseats a stage of temperature a Uttle higher than 
that of a Cygui ; here the second stage iron lines have disap- 
peared altogetlier, and the enhanced lines appear alone. 

At the higher temperature of stars like Eigel, the enhanced 
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iron lines also appear without any trace of the familiar iron 
spectram typified by the triplets, and there seems to be little 
doubt that we are Iiere in presence of iron vapour at a transcen- 
dental temperature corresponding to the fourth stage to which 
I have drawn attention. 

In f Tauri, the iron lines are almost identical with those in 
^el. 
^^K.df the still higher temperature of Bellcdrix, all visible traces of 
^Hk iron speetrwm have vanished from the photographs. 

Gesebal Results with regabd to Iron. 

The general result of the investigation of the enhanced iron 
lines in stellar spectra confirms the view that the absorbing 
regions of the hottest stars exist at a higher temperature than 
any attainable in laboratory experiments, the spectrum of iron 
consisting solely of those lines which are enhanced in passing 
from the arc to the spark. At the same time, some of the lines 
in the spectra of the hottest stars formerly classed as unknown 
are now shown to be due to iron. 

The fact that even the enhanced lines themselves disappear 
from the spectra of stars approaching, or at, the acme of steUar 
temperature raises another question to which reference will be 
made later. 

It is obvious that the enhanced lines may be absent from 
the spectrum of a star, either on account of too low or too high 
a temperature. In the case of a low temperature, however, iron 
ia represented among the lines in the spectrum, but at the 
highest temperature all visible indications of its presence seem 
to have vanished. This result affords a valuable confirmation 
of my view that the arc spectrum of the metallic elements ia 
produced by molecules of different complexities, and it also 
indicates that the temperature of the hottest stars is sufficient 
to produce simpUfications beyond those which have been pro- 
duced in our laboratories. 
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The facts which are graphically represented in Fig. 74 indi- 
cate that, so far as tlieso stars are concerned, the results, wilt 
r^ard to stellar temperatures determined by a study of the 
iron lines, are identical with chose to be gathered from the 
extension of the radiation epeetriuu into the violet. Inde- 
pendently of the extensions of spectrum into the violet fw 
different stars, then, the i-elative temperatm^a may be deter- 
mined by a study of tbe iron lines. Thus, a star, in the 
spectrum of which iron is represented by traces of the triplets 
characteristic of the arc spectrum aa well as by the euhauced 
lines, must be cooler, so far as the absorbing iron vapour is con- 
cerned, than one in whicli iron is represented by the enhanced 
lines alone. Similarly, we must conclude that a star iu wliich 
iron has no representative lines is hotter than one in which the 

I enhanced line-8 appear without the arc lines. In practice the 
iron lines furnish a much more convenient indication of stellar 
temperature than the continuous spectrum, for the reason that 
in the case of iron no special photographs are necessary, while 
for an investigation of the continuous spectnmi spiscial photo- 
graphs of stars with very carefully controlled exposures have to 
be taken. 
Calcidm. 
we 
th( 
of 
de' 
wh 
ths 
red 
tht 



The calcium lines in the spectrum of « Orionia indicate that 
we have in that ease a temperature not greatly differing from 
that of the second stage ; the blue line which is characteristic 
of low temperature, as well as H and K being very strongly 
developed. 

The behaviour of the calcium lines is indicated in Fig. 75. 

On passing to tlie stai-a of Buccessively higher temperatures 
which have already been studied in the case of iron, it is seen 
that the blue line has disappeared at the temperature of 
[ Cygni, while the H and K lines pei-sist with gradually 
reduced ijitensities up to the liottest stars. The intensities of 
the H and K lines as compared witli the blue line fullj bear 
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imt the reKults as to the order of temperature of the stars 
wliich has heen derived from a comparison of the continnoiis 
radiation spectra, and also from the appearances of the iron 
lines. Unfortunately, the Kensington photograplis of stellar 




ir of catcium and magnesiEii 
temperature. 



spectra which have so far been obtained do not extend far 
enough into the ultra-violet to permit a complete investigation 
of the varying appearances of the two ultra-violet enhanced 
lines referred to in the last chapter. Both of them appear in 



SOS THE SUira VLKOE in NATUBSL [dup. 

the spectrum of Sirius, however, which is certainly a hot atai: 
though not one of the hottest. ^^H 



KagMESIOM. ^^M 

Magnesium furnishes ua with very definite indications of the 
four stages of tejuperature, and the discussion of its representa- 
tive lines in stellar spectra is therefore very important. 

In a Orionia, the 6 group is strongly developed, while 4481 
is absent. In Fig. 75, the ultra-violet triplet commeucing 
with .'S838 is taken as typical of the second stage spectrum, but 
the photc^aphs of the spectrum of « Orionia which have been 
obtained do not extend far enough to enable the presence or 
absence of this triplet to be ascertained. Another line, at 
43522, which appears at the second stage of temperature is, 
however, pi'obably present in a Ononis. The flame line 4571"3 
is also present,' and I have also shown the probable presence of 
the two flutings of magnesium in the spectrum of a Orionis and 
similar stars.' 

In a. Orionis, then, tho moat effective absorbing magnesium 
vapour is at a temperature not greatly different from that of 
the flame, but the presence of 4352'2 indicates that the tem- 
perature must be slightly higher. It is important to remember, 
however, that on the meteoritic hypothesis, different parts of 
such a swarm as a Orionis may have widely different tempera- 
tures. 

Taking 7 Cygni, as before, to be considerably hotter than 
a Orionis, as indicated not only by the length of continuous 
spectrum but by the iron and calcium results, there is a con- 
siderable change in the lines representative of magnesium. The 
flutings have quite disappeared, and the spark line at 4481 
appears as a well-marked line. Some of the arc lines, includ- 
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ing 4352'2 and 4167-8, reinain, so that in the absence of a record 
of the ultra-violet triplet, it may be concluded that the absorb- 
ing magnesium in 7 Cygni is probably at a temperature not 
differing greatly from that of the spark, that is, the third stage 
of temperature. The wave-length of the new spark line about 
4395 is not yet known with sufficient accuracy, on account of 
its great breadth, to justify its iise iu tliis inquiry. The actual 
appearance of the magnesium Hues in 7 Cygni thus confirms 
the conclusion with regard to the temperature of this star 
which has already been derived from the discussion of the lines 
of calcium and iron. 

In the case of « Cygni the most prominent magnesiiun line is 
the spark line at 4481. Tho b lines, the ultra-violet triplet 
commencing with 38384, and the line 43522 are also present, 
while 4571"3 and 41678 are absent, or very feeble. The great 
intensity of 4481, which is only a short line in the spark, indi- 
cates that the temperature is, in all probability, a little higher 
than that of the experimental spark, that is, intermediate 
between the third and fourth stages. 

Passing to ij Leunis, 4481 is a little less intense than in 
« Cygni, while the line at 4352 is considerably reduced in 
intensity as compared with a Cygni. A temperature a little 
higher than that of « Cygni is therefore indicated. 

In Eigel, where the temperature is higher than in t) Leonis, 
4481 is one of the few strong hues recorded in the spectrum, 
and it appears without the other magnesium lines. 

The same is true of f Tauri aud BellatrLx, except that 4481 
is now rediiced in intensity. These varying appearances are 
indicated in Fig. 74 

The study of magnesium thus perfectly accords with what 
we have learned as to relative stellar temperatures from a dis- 
cussion of the lines of iron and calcium. 
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tfENKBAL ReSCXTS \MTH BKGAED TO CaLCIUM AND 

Magneshjii, 

Fig. 75 indieiiti's lliiit in the case of tlie stara so far iliscusseii, 
those nami'ly with uscundiiig temperatures, the same order of 
tempemturo is arrived at by a consideration of the lines of 
calcium and magnesium as that deduced in the first instance 
from the relative lengths of continuous spectrum, and after- 
wards by an inquiry into the presence of the enhanced iron 
lines. Four indications of stellar temperatures are therefore 
now available, namely, the extent of the continuous radiation, 
the lines of iron, the lines of calcium, and the lines of mag- 
nesium. 

The enhanced lines of calcium and magnesium, unlike those 
of iron, do not disappear from the spectrum in the case of the 
hottest stars yet studied, but they become very feeble, bo thai 
an approach to disappearance is indicated. 

Descesdikg Temperatueks. 

I now pass to the discussion of those stars which the pre\"ious 
investigations indicated to be cooling bodies. 

Fig. 76 indicates the variations of the metallic lines in tliis 
series of stars. At the highest temperature magnesium and 
calcium are represented by their enhanced lines alone ; with a 
fall of temperature the enhanced lines of iron are next added, 
and, later, the arc lines of all three metals ; at the lowest tem- 
perature,- the enhanced line of magnesium disappears, while 
those of iron are either absent or very weak ; the enhanced 
lines of calcium, on the other hand, which are relatively strong 
in the arc, remain. 

The facts recorded in the photographs of each star are as 
follows : — 

Starting with Eellatrix, magnesium is solely represented by 
the enhanced line at 4481, which is relatively feeble, calcium 



by the H and K lines, ( 

tioiis of iron at all. 



1 feeble, while there are no indica- 




of decreuBJng temperatur 



Passing next to /3 Persei, 4481 and the H and K lines are 
iuteiisified, while the enhanced lines of iron are added. 

In 7 Lyra;, all the enhanced lines of magnesium, calcium, 
and iron ate strengthened, 

A further iutensifieatlon of the enhanced lines occura on 
passing to Sirins, but here the characteristic arc lines of aU 
three substances are added, indicating a temperature inter- 



us 

mediate between that of the experimental spark and that at 
which the enhanced lines appear alone. 

With a further slight fall of temperature, represented by 
Castor, the enhanced lines Ijecome slightly stronger, as do also 
the characteristic arc lines. 

At the still lower temperature of Procyon there is a marked 
increase in the intensity of the characteristic arc lines and a 
decrease in the intensity of the enhanced lines, except in the 
case of H and K, which, as already pointetl out, are strong lines 
in the arc. 

Finally, at the temperature of Arcturns, or the sun, tlie 
enhanced lines of magnesium and iron are either very faint or 
entirely absent, while H and K remain visible for the reason 
already stated, and the arc lines of all three metals become very 
strong. ^^^ 



The Lines of Gases in Stellar Spectra. ^H 

The maps, I think, will indicate the considerable advance 
which has been made with regard to the lines in stellar spectra, 
but the inquiry is not yet complete- 
So far I have only considered the lines of certain metallic 
elements, and their comparison with stellai linea. It is now 
important to refer to the permanent gases — hydrogen and the 
cleveite gases. These appear in the stars which, on the grounds 
previously stated, I hold to be of highest teraiwrature, and for 
this discrimination we can rely better on the cleveite gases thaa 
on hydrogen, for the reason that the latter ia mncli more widely 
distributed qud temperature. There are not many groups of 
stars which do not indicate the presence of hydrogen, while, 
on the other hand, the cleveite gases only occur conspicuously 
in one. 

As pointed out in Chapter IV, it is impossible to over-estimate 
the importance of the discovery of terrestrial sources of heliia 



in its bearings upon the spectra of the hotter stars, siDce it ^H 
explains many of the strongest lines in such spectra, which ^H 
previously were included in the category of " unknown lines." ^H 

Licreasinff Temperature. ^H 

If the varying intensities of the cleveite lines are studied in ^H 

the case of the stars which have so far heen considered, it is ^H 
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found that the lines become stronger as the temperaturt 
increases. Thus, from the merest trace in a Cygni the line 
are gradually intensified in passing through ■>) Leonia, Eigel 
f Tauri, and Bellatrix. This is illustrated in Fig. 77. 

The lines of hydrogen make tlieir appearance at a muct 
lower stage of temperature than those of the cleveite gases 
but, like the helium lines, they increase in intensity up to th 
highest temperature in the case of the stars already discusset 

So much heing premised, we now come to a comparison o 





the metallic results with those givea by the cleveite gases and 
hydrrv^en in atars of ascending temperature. 

Dealing with the stars already considered, a comparisoti of 
the metallic and cleveite gas lines indicatee that as the former 
die out the latter are strengthened, 

Tlie cleveite gas absorption hrst makes its appearance, v 
feebly, in the stars in which the enhanced lines of magneatofil 
and iron are strongest, as in a CygnL Thee, as the tempt 
inoreaaes, as demonstrated by the expansion into the i 
violet of the continuons radiation, the lines of the cleveite gsseS 
become stronger as the metallic lines thin out. 

At the highest temperature, taking Bellatrix for the present 
as a typical case, the principal helium lines are almost aa strong 
as the lines of hydrogen, while the enhanced lines of iron have 
quite disappeared, and those of magnesium and calcium nearly 
so. These variations are indicated in Fig. 77. 

It will be seen from the map that there is a perfect cuntinui^ 
both in the case of the metallic and the cleveite gas lines, and 
that in those stars where the separate investigatious of the 
metallic and gas lines overlap, the same arrangement of stars 
rcsulte in both cases, bui there is a complete inversion in Ih" 
heharioiir of the 'jas, as compared with the mrtallie, lines. We 
seem to be in presence of a chemical change, iron being finally 
replaced by helium. 

The dark lines of hydrogen make their appearance in stars of 
comparatively low temperature, such as a Orionis, in which the 
second stage metallic lines are very strong. In these stars the 
hydrogen lines are thinner than some of the metallic ones. 

With increased temperature, in the ease of the etai-s so far 
considered, the lines of hydrogen steadily increase in intensity 
up to the highest temperature, as typified by Bellatrix. Mean- 
while, as we have seen, the second stage metallic lines gradually 
thin out, while the enhanced lines become stronger up to the 
temperature of a Cygni, and idtimately idl the lines of iron 
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have JiBai>pearecl, and magnesium and calcium are ouly repre- 
^aented by traces of their enlumced lin 




When the lines of the cleveite gases Brut become visible, as 
in a Cygni, the lines of hydrogen have already become the 
strongest in the spijctrum ; but at still higher temperatures the 
intensification of the lines of hydrt^eii is less rapid than that 
of the lines of the cleveite gases. In none of the stars now 
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I the hyLlrogen lin«s reach tbeir marimuiu 
development, as stated befon-. This point will be conBidered 
later on. 

Dcactfuihtg Tttttprratttre. 

We next Ciinsider the question in our list of cooliug stars. 

The appcurance of the lines of the cleveite gases in these stare 
i« restricted to jS Persei and 7 Lyra?. An attempt is mailc. to 
fihow their changes of intensity in Fig. 79, which also includes 
Hellatrix as representative, for iJie present, of the highest 
temperature. 

Sturting with Bellatrix, the lines of the cleveite gases an- 
very strong, whDe, on iwisaing to the cooler stars, they rapidly 
■•Bcoine weaker, as the enhanced metallic lines continue to get 
Btronger. In fact, the hnes of the cleveite gases disappear at 
comparatively early stage, long before the ahsorhing 
vapours are cool enough to show any traces of the characteriBR^ 
arc lines. 
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In ^ Persei, as sliowii in Fig. 79, the cleveite gas lines are 
much weal;er than in Bellatrix, while in 7 Lyne tliey are on the 
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vei^e of disappearance. No certain indications of the cleveite 
gas lines have been found in SiriuB, Castor, Procyon, or 
ArctuniB. A special search for the D* lice in the spectrum of 
Sirina was made hy Mr. Fowler in December, 1893, bnt the line 
was not seen in this stiir although it was recoi-ded in the 
spectrum of Bellatnx.' 
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So far as they go, then, the gradually disappearing lines of 
the cleveite gjises indicate the same order of temperature as 
that determined from the gradual appearance of the metallic 
lines as shown in Fig. 76. Fig. 80 gives a comparison of the 
metallic and sjas n^sults in stars of decreasing temperature. 




CHAPTEE XIX.— APPLICATION OF THE NEW 

CRITERIA. 



The new classification which I suggested in 1888 was iiaaeil 
on eye observations. It indicated that stars should be classed 
in two categories, one of ascending the other of descending 
temperatures. The photographic survey enabled ua to utilise 
the length of the spectrum in the ultra-violet and violet as a 
preliminary basis of classification ; the test was applied, and 
precisely the some order was arrived at as that obtained from 
the eye observations. 

The general result of the test photographic survey, so far aa 
it has gone, is as follows : — Among the 171 stars considered 
there are really two series of spectra, cue representing the 
changes accompanying increase of temperature, while the other 
represents the effects of decreasing temperature. The hmda^ 
mental requirement of the meteoritie hypothesis is, therefore 
fully justified by the discussion of the photographs, 

It may be stated further that the sequence determined from 
the photogi-aphs follows exactly the same order as the groups 
originally suggested by the hypothesis from a discussion of the 
eye observations. That is, it is not necessary to interchange 
any of the groups founded on the eye observations in order to 
obtain agreement with the photographic results. 

Finally, the enhanced-line work was undertaken, and then it 
was found that the order obtained from a consideration of the 
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^^^H lines of iron or of calcium or of magnesiuDi gave the same 

^^^H results as thoao gathered from the two previous enquiries; 

^^^H further, the identical behaviour of the enhanced metallic and 

^^^H clevuite Hues on both sides of the curve sliows us not only that 

^^^^1 Wtf hitvu liere a previoiisly undreamt-of test to apply to Uiis 

^^^^B question, but that the scheme of classiGcation has borne the 

^^^^1 test in a most satisfactory manner, so far as temperature is 

^^^H concerned, up to the limit I have so far taken. 

^^^^^ I have shown on page 309 that our highest terrestrial tem- 

^^^^H peratures in all probability only carry ua up to a temperature 

^^^^H approximately represented by y Cygni. 

^^^^1 We have no right to assume that the small number of atais 

^^^^1 as yet studied put us in presence of the highest stellar tem- 

^^^^1 peratures; hence I have of set purpose left on one side for 

^^^^1 future treatment those stars which apparently are at the very 

^^^^1 apex of the temperature curve, for the reason that in these 

^^^H stars we are involved in unknown lines. These require a 

^^^H special study ; other stellar photograplis have to be examined, a 

^^^H work which will require some time, and new photographs have 

^^^P to be taken. 

In all probability, among the stars already known there are 
others besides Bellatrb: which are hotter than f Tauri and 
Rigel, as determined by the continuous spectrum and by the 
enhanced metallic lines in the way already explained ; although 
the known gas lines are of nearly similar intensity, these stars 
show distinct differences among themselves, and other criteria 
for their arrangement in order of temperature must, therefore, 
be looked for. 

At the st^e represented by Eellatrix the only remaining 
known metallic lines are probably magnesium 4481, and the 
K line of calcium ; ihese, however, are so feeble that their 
variations are too much dependent on the quality of the photo- 
graphs to be trustworthy criteria, aud the same remark applies 
also to the measurement of the extension of the s 
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the nltra-violet. There are, however several lines, as yet of 
iinknown origin, which are strong in some of these stars and 
weaker in others, and the appearances of these afford useful 
criteria for classifying these stars. But, hefore we attempt to 
u.?e these lines to see whether any higher temperature than that 
of BellatrLK is indicated, it ia important to consider whether 
we are justified in regarding these unknown lines as gaseous 
instead of metallic. This question is noiv being studied, and 
until it is settled it is not wise to attempt to discuss the upper 
temperature limits of those substances, such as hydrogen and 
the cleveite gases, the lines of which increase in importance 
with the increase of stellar temperature in the stars I have so 
far discussed. 

If such hotter stars were found we might expect that either 
the hydrogen- or the cleveite-gas lines would thin out and then 
disappear first, as the iron lines thin out in Eigel and disappear 
in BeUatrix ; and that they would be replaced by other lines. 
As a matter of fact, th h tt t t rs under discussion do con- 
tain other lines besid h f hydrogen and the cleveite 
gases with so far unkn y 

Temperature is the f 1 1 [ int, but it is not the only 

one; other considerati m n le neglected; but, for the 
present, considering t p u 1 ue and utilising the new 
criteria which have now 1 m lable, some of the brighter 

stars may be arranged as follows, those shown on the same 
horizon being of eq^nal temperature, as determined by the 
enhanced metallic lines. 

These criteria, however, do not enable us to classify minutely 
the stars which fall near the top of the curve, so, for the pre- 
sent, a certain number, which must be afterwards separated, are 
grouped together. 

y The stars which have been included in the niapa (Figs. 

I 74 — SO) are shown in italics. 




1 hare altvady iDdicaitecl in Chapter X^' how, on the i 
ritJc hjrpothesie, the physical condidoas ob either side of I 
carve most differ in stars of the same, or nearly the t 
mean temperature. Indeed, I may generalise still more than I 
did then, and point oat that on that hTpoth.esis we must 
recoj^nise three chief periods in the history of a star during its 
stages of luminoedty : — 

1. A period during which it exists as an nncondensed swanu 
when the " atmosphere " is disturbed by meleoritic bombard- 
ment from withonL At this stage the "atmosphere" is a mass 
of heterof^eneous vapour at various temperatures, and moving 
with different velocities in different regiona 

'2. A period of complete vaporisation, dining which the 
atmosphere in quiescent, bombardment from without having 
ceased, and the radiation being too great to permit condensation 
in the upper parts of the atmosphere. 

3. A period of cooling, during which the atmosphere is t 
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turbed by the fall of condensation products from tlie outer parts 
of the atmosphere on to the photosphere. 

It is next important, therefore, to bring together the actual 
facts shown in the photographs of the spectra of those stars 
shown to be at about the same mean temperature on the 
two sides by the principles I have indicated. 

With the photographs at present available, the teat can be 
applied at three stages of temperature, the stars of eq^iml mean 
temperature being determined by the relative intensities of the 
enhanced and arc metallic lines. When several stars of the 
same mean temperature are thus brought together, it soon 
becomes evident that they are divisible into two groups, which 
differ considerably in other respects. To take one instance, the 
average temperature of the absorbing iron vapour is about the 
same in e Pegasi as in Arcturus, since the spectroscopic 
difference between these stars, so far as the line spectra are 
concerned, is very slight. But the continuous absoi-ptiou in 
the violet is much greater in e Pegasi than in Arcturus, while 
the metallic lines are also somewhat broader. The difference 
between the stars, therefore, does not appear to be due alone to 
a difference of temperature. Applying this method of separa- 
tion, some of the typical stars given on the maps exhibit the 
following characteiistics, those of ecj^ual temperature, as deter- 
mined by the metallic lines, being placed on the same horizon. 
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^^1 The facts thus iniUcate that at each of three very distinct 




^^B stages of temperature there are two groups of stars showing 




^^m spectroscopic differences. Generalising from these facts, it 




^^M may he stated that stars at about the same temperature as 




^^f judged by the iron lines, on the ascending side of the curve, 




1 differ from those on the descending side : — 




(1) In tlie greater continuous absorption in the violet or 




ultra-violet, especially at the lower stages of temperature. 




(2) In tlie relative thinness of the hydrogen lines at the 




higher stages of temperature. 




(3) In the greater intensity and thickness of the metaUit- 




lines, whether of low or high temperature. 




(4) In the relatively greater thickness of the lines of the 




cleveite gases at those stages of temperature in which they 




appear. 




I submit that the differences fou^d are precisely those we 
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should expect on the raeteoritic hypothesis. I deal with the 
differences indicated sermtim. 

1. TJie Inequaliii/ of the Continuous Aisorpdon. — I have 
already pointed out that in the case of a swarm there must 
always he cooler vapours mixed with the hotter ones in the 
most valid absorbing regions. It is these cooler vapours which 
produce the absorption in the violet and ultra-violet. 

In a condensed mass of vapour they can only exist at the limit 
o£ the atmosphere where their absoi-ption is reduced in conse- 
quence of the low pressure. 

2. The smaller thicknegs of the Hydrogm, Lines. — Tlte difference 
iu thickness of the hydrogen lines is also sufficiently accounted 
for by the difference of absorbing conditions. In the star's of 
increasing temperature, consisting of uncondensed raeteoritic 
swarms, the interspaces will be largely occupied by hydrogen at 
a high temperature, and the radiation of this gas will tend to 
mask the absorption produced by that in the immediate neigh- 
bourhood of the incandescent meteorites which merely graze. 
In the condensed stars with photospheres, any masking effect 
of this kind must be very much less pronounced, so that the 
hydrogen lines will be broader than in the spectra of uncon- 
densed swarms. The hydrogen Hnes are more constant, in 
regard to their intensities, than the lines of other substancea 
iu the stars of increasing temperature, and this greater life 
of the hydrogen molecule seems to explain the fact that the 
hydrogen lines are specially picked out after passing to the 
downward side of the temperature curve when a state of 
quiescence is reached. 

It should be remarked that the great distension of the 
hydrogen lines in the hotter stars which have begun to cool 
does not necessardy indicate a great thickness o£ absorbing 
hydrogen, since, in the case of the snn, the very broad H and K 
lines are produced by an absorbing region of small thickness in 
comparison with the sun's diameter. 
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;l. The ffreaifr tkifi:nf*s o/t/ie MetiUlie Lines.— In the c 
a Hwanii, the Uiickiiesa of the effective absorbing gases £ 
VApours in the line of sight will be verj' much greater than the 
ed'ective thickness in the case of iiu atmosphere surrounJing a 
photOHphere, even if the tiiasses and averse temperatures he the 
same in both cases. The light proceeding from the central 
parts of the swarm must pass through the whole depth of 
vapours filling the interspaces, and on this account the absorp- 
tion lines would be more intense in the case of a siivann. The 
greater intensities, and to some extent the breadth of the 
metallic lines, are thus explained, for since the metallic 
vapours will not fill the interspaces to the same degree that 
Uie hydrogen does, there will be no masking of the dark 
lines by radiation. 

4; The Widening ami Thinning of cei-tain Lines. — In conse- 
quence of the great difference of velocity and direction of the 
meteorites entering a swarm, the spectrum lines involved will 
in general be broader, and therefore dimmer, so far as this cause 
is concerned, than in stars where bombardment has ceased. 
Such a broadening was specially noticeable in the spectnmi of 
Kova Aurigfe, as I pointed out on p^e 229.^ 

The conditions, however, may vary considerably in different 
cases, according to the character of the parent nebula. In the 
case of a swarm which originally had a spiral structure, the 
chief movement will be very similar to one of rotation ; if the 
axis of rotation he directed towards the earth, such a movement 
will produce little or no eft'ect on the widths of the lines, but if 
the axis be not so placed, different amounts of broadening woiilil 
be pi-oduced, according to t!ie inclination and radial velocity. 
In these cases, lines which would be sharp at the edges, when 
there was no movement, would remain sharp at the edges when 
broadened and dimmed. 
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When the original nebula was of less regular fonn, tlie influx 
of meteorites towai'ds the centre will take place in a greater 
variety of directions, so that the broadening effects will he less 
I'egular. 

Actions of this kind, in addition to those already referred to 
in 3, are prohahly to some extent responsible for the generally 
greater breadth of the metallic lines in bodies of increasing 
temperature as compared with those in cooling stars of the 
same mean temperature. 

^ Tauri is an interesting ease in point. While the lines of 
hydrogen are quite sharp and not very broad, those of the 
cleveite gases are greatly distended and relatively dim. In this 
case, therefore, it would appear that the cleveite gases are more 
involved than hydrogen in the highest temperature collisions. 
In ff Lyi-a?, also, the bright lines of the cleveite gases are more 
intense than those of hydrogen, and here we have another 
indication that these gases are among those chiefly involved in 
the spectral phenomena at the highest temperature ; further, 
there is direct evidence that there are at least two bodies in the 
system of ^ Lyra;, and the variability is probably in part 
due to collisions between the outlying meteorites. 

It may, on the other hand, be that the lines in the spectra of 
some cooling stars may be broadened as an effect of rotation, as 
suggested by Professor Pickering in the case of a Aquilie. My 
own photographs show that the spectrum of this star is almost 
identical with that of ,3 Arietis, except that all the lines are 
broadened. In this and similar spectra, such as a Ophiuchi 
and a Cephei, the broadening of the lines is accompanied by a 
reduction in intensity as in f Tauri. 

5. The greater tldekness of tiie Lines of the Cleveite Gases. — Tiie 
action which produces the lines of the cleveite gases, whiitever 
it be, only commences shortly before the highest temperature is 
reached, and the importance of hehum in the spectrum grows 
very quickly. AVhen Lhe action has ceased, the helium lines 
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rapidly lose their importance, whilst the absorbing hydrogen 
continues for sonic time to become more effective. The complete 
discussion of these difl'erences cannot be undertaken until the 
criteria for stars at the ai)ex of the temperature curv^e have 



been further investigated. 




X.— A TEST CASE BETWEEN THE EIVAL 
HYPOTHESES. 



At the end of Chapter XVI it was pointed out that our 

knowledge of the spectra of stars of intermediate temperature 

was incomplete, and that more work was necessary. In the two 

tera preceding this some results of one of the inquiries set 

foot to fill up the gap in our knowledge were indicated. 

iftve now to call attention to a very special research iuto the 

tails of the spectm of a few stars of intermediate 

[■ature. The upshot of it is all the more interesting since 

■research was not undertaken in the first instance with the 

object of advancing the snhject of classification, but rather to 

throw Ught on the phenomena of a very interesting class of 

variable stars, among them S Cephci. 

Along with S Cephei the spectra of n Aquilie, f Geminorum, 
T Vulpeculte, and S Sagittfe were studied, and I pointed out' 
that judging by their spectra these belonged to the same sub- 
group as 7 Cygni, which, however, is not a variable star ; a Ursai 
Minoris has also a spectrum whieh has since been recognised 
to be identical with that of 7 Cygni and S Cephei, while a Persei 
differs so slightly from them that it may also be classified with 
them. These I now group together, and for convenience of 
reference I designate them the S Cepliei class. 

A portion of the spectrum of S Cephei, at the time of maxi- 
mum, is sho't^'U in Pig, 81, where it is compared with the spectra 
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of 7 Cygui and Aretums. These have been enlarged about ten 
times from the original negatives taken at Kensington. 

Taking Ai-cturus as a i-epresentative star of the solar tj-pe/ 
it will he seen that although the spectra of 7 Cygni and S Cephei 
resemble it in showing a large nnmber of dark lines, they differ 
considerably from it in point of detail. 

Many of the lines in the spectrum of S Cephei coincide with 
prominent Knes in the spectrum of a Cygni, but it is true that 
many also coincide with Unea in the spectra of stars like 
a Orionis and Arcturua, which closely resemble the solar spec- 
trum. It seemed possible, therefore, that we might be dealing 
with the integrated spectm of two stars in close proximity, one 
having lines resembling those of « Orionis or Arcturua, and the 
other those of a Cygni. The spectra of all the stars of this 
sub-group have accordingly been very carefully investigated 
from this point of view. Enlarged glass positives of a Cygni 
and Arcturus on exactly the same scale have been superposed, 
and the integrated spectra photographed. When this in- 
tegrated spectrum is compared with 7 Cygni or S Cephei, there 
is a considerable similarity, but the relative intensities of the 
various lines and the general appearance of certain parts of the 
spectrum, especially about G-, are quite different. Again, if 
there were two bright bodies physically connected in such a 
star as 7 Cygni there must be a revolution and a consequent 
doubhng of the common lines, unless the plane of movement 
were perpendicular to the line of sight. No signs of such 
doubling, however, have been detected in any of the eight stars 
of the sub-group which have so far been recognised, and it is 
quite improbable that the plane of revolution would be at right 
angles to the line of sight in every case, and still more so that 
the two components would have identical spectra in each of 
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Spectra of the S Cephei type must, therefore, be taken to 
represent a particular stage in the orderly development of 
coaniical bodies. 

The spectra of the stars of the group, as will be seen from 
an inspection of the photograph, are distinguished by special 
characteristics. While containing a great number of fine 
metallic lines, giving them more or less t!ie same general ap- 
pearance a3 the solar spectrum, they show many lines which 
are either faint in the solar spectrum or are altogether absent ; 
the spectra are practically identical with that of y Cygni, which 
my previous work had indicated to be a star of increasing 
temperature. 

The chief argument in favoiir of placing 7 Cygni on the 
ascending side of the temperatiire curve was based on the 
presence of certain special lines, which occur with increased 
importance in tlie spectrum of a Cygni, the spectrum of which 
differs very widely from that of the sun, and has a close rela- 
tionship to those of the Orion stars. 

Further, the association of a special kind of variability with 
some of the stars having a spectrum of this type seemed to 
strengthen the view that the constitution of such stars must he 
vastly different from that of the sun. 

Dr. Vogel, however, has classified two stars of the group, 
namely, tj AquUte and S Sagitt^, with the sun in his Class Ha, 
and more recently Dr. Sclieiner has placed another star of the 
group (a Persei) between a Cygni and the sun. I must also 
add that Drs. Vogel and Scheiner differ very considerably as 
to the classification of a Cygni, and this still further compli- 
ratps matters. 

It will be seen that the question between the two classifica- 
tions is a very shar].! one. 

In Vogel's classification all stars are regarded as cooling 
bodies, while one of the chief points of mine is the distinction 
between star-s which are getting hotter and those which 4 
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becoming cooler. Thus, while stars like S Cephei and those 
like the sun are gi^ouped together by Vogel in his Class Iln, 
they are in mine divided into two gi-oups, Group III including 
S Cephei and Group V the sun. The unportant question to be 
answered may be formulated aa follows : — 

Is the difference between stars like B Cephei and stars 
resembling the suu solely due to a small temperature difference, 
aa it is on Vogel's view, or does it in part represent, aa I con- 
tend, a physical difference ? On Vogel'a view, the stars in 
question are like the sun, while on mine they are not. To 
make tlie difference quite clear I repeat that I hold tliat stars 
Hke S Cephei consist of nncondeused swarms of meteorites of 
increasing temperature, while those like the sun are cooling 
bodies and consist of masses of vapour in which there are 
photospheres and relatively quiet atmospheres. 

Several questions comiected with the variability and light 
curve of these stars, and especially some new observations of 
7} Aquilffi, one of the group, induced nie to give special attention 
to them, from the point of view of their classification. I propose 
therefore to refer to the new work, which has been as detailed 
as possible, in order to arrive at a just conclusion. Such work 
as this, indeed, must be detailed to be worth anything. 

But before I state the results at which I have arrived, it is 
necessary, in order to enable a judgment to be formed between 
Dr. Vogel's views and my own, to refer to the location of this 
group of stars in his elassifieation with equal detail. 

Ell. Vogel's Classificatioh. 
7j Aquila; and S(10) Sagittre are the only two of the stars 
which have been mentioned aa belonging to the B Cephei class 
included in Vogel's spectroscopic Durckmusierung, published in 
1883 ; and both are classed without further comment as stars of 
Class Ila.' This type of spectrum was thus defined : — 
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"SiiL-ctmiu with very nnmerous metallic lines, whiuh are easily known 
by theii intunaity, especially in the yellow aiij green. The hydrogea 
lines nre for the most part strong, but are never so bruad as in the case of 
Class la. In some stars the lines of hydrogen are faint, and in these 
faint bands can be generally recognised in the leas refrangible portion vt 
the spectrum." 

Although the other stars are not included, it seems fair to 
suppose that all the stars of the B Cepliei class would be classed 
with the sun if they had been included. 

Dr. Scheiner has discussed one of the stars of the S Cepliei 
class, a Persei, in some detail.' Attention is specially drawn by 
him to the differences between the spectrum of a Persei and 
that of the sun. 

In the table on page 335 I have brought together the lines of 
a Pereei which Dr. Scheiner states to he more intense than in 
the sun, and have compared them with those of S Cephei and 
a Cygni photographed at Kensington. The remarks in the last 
column are those made by Dr. Scheiner with regard to the 
Biiectnun of a Persei. 

It will be seen that the special lines of a Persei are nearly 
all present in B Cephei and a Cygni, and that they are all either 
faint in, or absent from, the solar spectrum. 

Dr. Scheiner also remarks on a few of the special lines o£ 
a Ursie Minoris, another member of the S Cephei class. My 
own photographs show almost absolute identity with B Cephei, 
so that a special discussion of this star would he superfluous. 

The spectrum of S Cephei has been ipvestigated by Belopol 
sky," and he gives a table showing that it differs in many 
respects from that of the sun. Attention is specially drawn by 
him to some of the lines which are strongly marked in the 
spectrnni of B Cephei as compared with coiTespouding lines in 
the solar spectrum photographed with the same instrument; 
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special Lines in a Persei. 


■ 




« Persei 
(aahoiner), 


a Cephei 
(Lockyar), 
K Eon-land. 


\ Rowland. 


Bemarks on « Persei 
(Selieiner). 


M 




A PoUdam. 


Maximum 


Maiimum 








intensitj — 10. 


inteHBity = 10. 




H 


4290-2 


4290 -7 (8) 


4290 -9 (4) 


Stronger than iu sun. 




4306-3 


4306 '4 (5) 


4306-3 (Ij 








4310 '1 






No corceBponding solnr line. 






4313-4 


4313'-'3 (4) 


4313''7 


Stronger than in sun. 






4321-4 


? 


4321 -4 (8) 


MuuU stranger tliun in sun. 






4331-0 


4331-1(6) 


4331 '0 (2) 


Stronger than in Bun. 






1344-7 


4344-5 (5) 


4344 '0 (2) 








4375-1 


4375-0(10) 


4374-7(2) 


Much stronger than in sun. 






4387-2 


P 


4387 -8 (1) 


Stronger than in sun. 






4391-4 


4301 -4 (5) 


4390 -9 (4) 








4394-4 


4394 -4 (6) 


4395 -2 (fi) 








4100 -0-4400 -9 


Erottd liiiB (8) 


4400 -1 (5) 








441] 1 


4411 -0 {4) 




No aokr line. 






4413-6 


4113 '6 (1) 










4416-9 




4117'-b (7) 








4450 7 


445l'-i (5) 


4451-1(3) 


Stronger than in aun. 






44til -7 


4462 -0 (5) 


4462-0 (2\ 








4464-7 


4465 -0 (2) 


4464-1 (2) 








4468'7 


4468 -4 <6) 


4468 -I (5) 








44T1-1 


4471 1 (3) 


4471 -3 (3) 


No solar lino. 






4473-1 


4473 -1 (3) 


4473-2 (3) 


Stronger than in sun. 






4481 '6 


4481 -3 (7) 


4481-3 (10) 








4488-6 


4489 -3 5) 


4489-1 (5) 








4491-8 


4492 '0 (3) 


4491 '5 (+) 








4501' 5 


4501 -5 (7) 


4501 -6 (4) 


Much stronger 'tliun in sun. 






4508-5 


4508 -5 (5) 


4608 '6 (71 








4516-6 


4515-6(6) 


4515-7 (6) 


Stronger than in suu. 






4520-6 


4520-6 3) 


4520 -4 (6) 








4584 '4 1 4534-3 {7) 


4534 -5 (6) 


Much stronger than in sun. 






4545 '3 


4545-3(6) 


4546-4 1) 








4549 '9 


4549 '9 (7) 


4649-9 8) 


Stronger 'than in eun. 






4564-1 


4564-1 (4) 


4564 '2 5) 








4572 '0 


4572 -0 (5) 


4572-5 5) 
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a discussion of these differences shows that the more special ^H 


lines of S Cephei, like those of a Persei, are very prominent in ^H 


a Cjgni. In spite of these differences, liowever. Dr. Scheiner ^^| 


cksses a Persei with stars hke the sun, hut regards it as a, ^^M 


transition stage between a Cygni and the sun. He says : — ^H 
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" From the geuenil coiiclUBioHH, the above list gives tta quite 
ami important result. If oue compares these lines with those 
spectrum o( a Cvgni, whioh is of special interest as an advanced spectmra 
of Cl£i88 lb, ou« liDds tlmt, out of sixty lines in a Cyniii, twenty-one 
occur in the list, and all of these in a Persei. The fact, therefore, 
remains that nearly half the lines which in the spectrum of a Persei show 
divergeuces when conipai^ with the solar s]»ctnim appear certainly m 
any cnse in the sjiectrum of a Cygni and determine ita peculLtrity. 

" Now a Cygni belongs to Class 16, a Persei to Class Ha, and tie 
plausiUe conclusion appeai-s to me, therefore, that a Persei had pre- 
viously a spectrum similar to that of a Cygui, aud that in this case we 
have the missing coaiiectioii between 16 to IIo." ' 

TJie spectrum of a Tauri, which, as I shaU show, must be 
regardeil as a condensing swarm, closely resenibles that of the 
8Un ; 80 that Dr. Scheiner's evidence would equally place 
a Persei intermediate between a Tauri and a Cygni. 

DiffmdiiLS connected witli YogePs Classi/tcation. 

The close association oE stars like B Cephei with those like 
a Cygni makes it here important to discuss the place of a Cygni 
in Vogel's classification. With regard to this star Dr. Scheiner 
writes: — 

"The spectrum of a Cygni, in spite of the large number of its linen, 
has no resemblance with that of the sun. While it is possible to identify 
most of the lines with solar Hues in respect of their position, yet the total 
lack of agreement as to intensity of the lines makes many of these identi- 
iications worthlesB." ' 

Dr. Scheiiiei has classified a Cygni in Vt^el's class 16, which 
was thus defined in Vogel's original classification : " Spectra in 
which the metallic lines are few in number, and very faint or 
entirely imperceptible, and in which the hydrogen lines i 
lacking." 

In view of the photc^apliic results nbtained at Potsdam, 4 
last clause in this definition was revised iu 1S88, so that I 
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reads : " and tlie strong hydrogen lines of Type I« are lacking. "' 
This haa again been modified by Dr. Scheiner, and the charac- 
teristics of Type lb are stated as " spectra in which the hydro- 
gen lines and the few metallic lines all appear to be of equal 
breadth and of sharp definition."* It is on the ground of thia 
gi-eatly modified definition that a Cygni is included with stars 
like Eigel in Class lb. 

Dr. Vogel, however, is not prepared to accept Dr. Scheiuer's 
amended definition of Class lb. He writes : — 

" However jnstifiable it may be to regard the peculiarly sharp spectral 
lines of the stars above mentioned and a few others of the same kind as 
worthy of special consideration, the adoption of this proposal would make it 
necessary to separate a number of stars (including those of Orion) whose 
relationship is placed beyond all question by the iuvestigatioDS I have 
referred to, and to place them with a C^gni, which has a mat«riall7 
different spectrum,"' 

In the same paper Dr. Vogel brings forward a new definition 
of his Class 16 in the following terms : — 

" Spectra in which, besides the atill dominant hydrogen lines, the lines 
of cleveite gas appear, and above all the lines X 4026, X 4472, \ 5016, and 
X B87e(D3). The lines of calcium, magnesium, sodium, and iron are also 
more or less numerous in spectra of this subdivision." 

This new definition excludes a Cygni from Class lb, in Dr. 
Vogel's opinion, and he places thia star in Class la 3 of his 
extended classification of spectra of the first class. This auh- 
class is thus defined : — 

"Spectra in which the calcium line X 3934 has nearly the same intensrty 
as the hydrogen lines. In occasional instances it is still sharply defined 
at the edges, or it may be broader and more intense than the hydrogen 
lines, and very diffuse, forming with the hydrogen line H,(X 3970), which 
18 greatly intensified and broadened by the calcium line X 3969, a con- 
spicuous pair. 

" In the spectra of this division the lines of the cleveit* giia cannot be 
recognised ; on the other hand numerous strong lines of different metals. 
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particalnrly linos of irwa, are olw.iya present. The linea of hydrogen are 
adll ntwnyH ilnmiiDUit. Hg ia plainly apparent among tb« other lines, 
and the group G ia Ids conapic^uoua than Hy. This sabdi vision forms ibe 
direct coDDiwting link with tbe spectral Claaa JI, in which the hydrogeo 
liniM no loug4^r play a prominent part in comparison with the lines of 
other meUU,"' 

Accunling to tliia definition, a Cygm ia classed with Procyon, 
a star wliich in the maiii resembles the sim, and this notwith- 
standing Sclieiuer's remark that the spectrum of a Ojgni bean 
no resemblance to that of the sun. 

It is clear, then, from these disagreements among the 
Potsdam observers, and the frequent changes made in tlie 
definition of the various classes, that it is difficult to classify 
a Cygni satisfactorily on Vogel's hypothesis that all stars are 
cooling. 



My Own Classification. 
The First Armaments. 

1 gave in the MeteorUic Hypothesis the evidence that in ataia 
auch aa a Orionis, the occurrence of radiating carbon vapour 
is an indication that these stars, like comets, consist of uncon- 
densed swarms of meteorites. Since the temperature of a 
condensing swarm of meteorites must be increasing, in accord- 
ance with thermodynamical principles, atars like a Orionis 
must be placed on the ascending arm of tlie temperature curve. 
The photographs show that the spectrum of stars like a Tauri 
ia almost identical with thiit of a Orionis so far as the lines 
are concerned, and since one of the flutings in the red in the 
spectrum of a Orionis also appears in a Tauri, this star must 
also be regarded as one of increasing temperature. 

The discussion of the Kensington photographs led me to 
place y Cygni next to a Tauri in the series of stars with 
increasing temperature, and we now know that h Cephei must 
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be classed with tliis star, I pointed out that the spectrum of 
7 Cygni 

" Has much in common with that of a Taiiri, but there is less con- 
tinuoua absorption, and many of the lines of □ Taui'i thin out. The next 
step to a Cygni is rather, a long one, but it seems veiy probable that if 
more photographs vere available intermediate spectra wonld be found. 
It will be seen, however, that in a Cygni the hydrogen iioea are intensi- 
fied as compared with y Cygni, and that all the important lines of a Cygni 

agree in position with prominent lines in y Cygui In 

passing to Bigel the more important lines of a Cygni are retained, and a 
few new lines make their appearance." 

My argument was, that with an increase of temperature a 
star like a Tauri would develop into one like B Cephei, which, 
with further increase, would pass through successive stt^es 
represented by a Cygni, Eigel, and Bellatrix. To justify this it 
is accordingly necessary to show greater reason for associating 
S Cephei with a Tauri tlian with a star like the sun, which we 
know on other grounds to he cooling; and from the great 
similarity of the liiie spectra of a Tauri and the sun, it is clear 
that the argument must not entirely depend upon the identity 
of Hues in the spectra of a Tauri and B Cephei, hut upon g 
and specific differences between S Cephei and the sun. 



The Nevj Argument di^rived from, the Study of the Enhanced 

t Lines. 

It is most fortunate tliat ou all the foregoing points the study 
of the enhanced Hues thraws a flood of new light (see Fig. 82). 

A study of the enhanced lines shows at ouce that S Cephei is 
hotter than either a Tauri or tiie sun, and that the difference 
between its spectrnni and that of a Tauri or of the sun is cer- 
tainly in part due to this difference of temperature of the absorb- 
ing vapours. The lines which are stronger in h Cephei than in 
the sun include many of those which have been found to be 
enhanced in the spark spectra ot metals, so that they are no 
longer to be regarded as unknown lines. Similarly, many of 
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the liiiea of a f'yS'^' ^'"' which no origius could previously be 
assigned liave been shown to be lines of comraon metals under 
conditions of high temperature. Still, the mere presence of the 
enhanced lines in a stai- spectrum affords ua no criterion as to 
whether the temperature of a star is increasing or decreasing. 
But I have also indicated on page 322 that if we take the relative 
intensities of the enhance*! lines and the arc lines as an indica- 
tion of stellar temperatures, and in this way bring together a 
sufficient number of stars of about the same temperature as 
7 Cygni or S Cephei, euch spectra may he divided into two 
well-marked groups, of which -/ Cygni and Castor may be 
taken as types. The chief generic differences between the two 
groups of stars at the temperature of S Cephei were thus sum- 
marised : — 

i Cepbei. Caetor. 

(1) Considerable abBorption in (I) Very little continuouB nb- 

ultra-violet. aorptton in ultia-vlolet. 

(2) Hydrogen linea relatively (2) Hydrogen lines relatively 

thin. verj tliick. 

(3) Metallic lines of moderate (3) Metallic Hues relatively 

intenaity. feeble. 

It was further shown that these differences are simply and 
sufficiently explained on the supposition that stars like 7 Cygni 
and S Cephei are uncondensed swarms of meteorites, while 
those like Castor, which have about the same mean tempera- 
ture, are stars approaching the condition of the son, in which 
photospheres and relatively (juiescent atmospheres have formed. 



Tlie, Strengthening of the Argnmcid from Variability. 
The evidence h\ favour of placing stars like S Cephei and 
7 Cygni on the ascending arm of the temperature curve by the 
fact that stars of this class present a special form of variability 
has recently been greatly strengthened. This variability is 
similar in kind, but different in degree, to that associated with 
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stars of Group II, such as Mii'a. The following table shows 
that the amount of variation is very iiiuch less thau that iit 
variables of tlie Mira type : — 



Sftiue. 


Period. 


Inter«l from 
min. tomai. 


Varintiuii. 


Eemarks. 


BCepbei 

lA.qailm 

Hirs. 


d. 1.. 
Q 9 
10 4 

7 4 
B 9 
4 10 

331 


.1. h. 

1 15 

6 

2 9 

3 10 

1 7 

■■ { 


3-7— 4-9 
3 ■7— 4 a 

3-5— 4-7 

5-6— 8-4 
5-5— 6'S 
(l-7-5'0) 

(8-7-9-5) 


Verj regulur. 

Period slowly 

lenRthening. 

Slightlj irregular. 



N 



It will be seen that the lumiuosity at maxiinuiu ia fi-om 
about two (0-8 magnitude) to three times (1'2 magnitudes) 
greater than at minimum, while the forma of moat of the light 
curves resemble the majority of thuse of the Mii-a class in the 
relatively steep ascent to maximum. A conatitutiou more or 
less similar to that of the Mira class is tlierefoi-e indicated. 

I have already shown that in such variables as Mira the 
presence of bright carbon flutings indicates a meteoritic struc- 
ture.' Here the variation has a much longer period than in 
B Cephei, but it is only necessary to suppose that B Cephei 
ia more condensed, so that revolving swarms of short period 
will be alone effective in prodocing collisions at pei-iastron, as I 
pointed out in 1889." 

A recent discussion of all the available observatioua of 
tl Aquilaj by Dr. William J. S. Lockyer^ has shown that the 
light curve of this variable can be beat explained on the sup- 
position of three meteor swarms moving around their centre of 

' Proa. Jfoy. Sod. (1887), toI. xliii, p. 130. 

* Froc. Moy. Soc, toI. iIti, p. 420. 

* SemUale mia den Beohachtvngen des verSHdertlcien Slernet 
(Inaugural Diaaertation), Gottingen, 1897. 
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gravity. In this way not only is the general form of the light 
curve satLstied, but the smaller irregularities discovered by the 
discussion are also easily accounted for. 

Hence, by placing stars o£ the S Cephei class on the ascend- 
ing arm of the temperature curve, the variability of certain 
members of the group finds a ready explanation. I am not 
aware of any satisfactory explanation of the S Cephei type of 
variability in which a constitution resembling that of the sun is 
assumed, and to my mind such a variation in a star constituted 
like the sun is impossible. 

The iinal result of the discussion of the spectra of stars of the 
S Cephei class is to show that they must be placed on the 
ascending arm of the temperature curve, at a stage higher thau 
stars liiie a Tauri, in which the mean temperature is not very 
different from that of the sun. Stars o£ equal temperature on 
the descending side of the curve, of wliich Castor may be taken 
aa a type, show precisely the same lines, the enhanced and cool 
lines having the same relative intensities, but with inverted 
intensities of the hydrogen and metallic lines, and with some- 
what less continuous absorption in the ultra-violet. The 
difference between stars like S Cephei and those of the sun is 
therefore partly due to a difference oE temperature and partly 
due to a difference of physical condition such as is demanded 
by the meteoritic hypothesis. On this hypothesis, the variables 
of this class are to be regarded as meteor-swarms not yet com- 
pletely condensed. This result enables us to understand why 
some members of the B Cephei class should show such a very 
special kind of variability. 

a Cygni also finds a natural place on the ascending arm of 
the temperature curve, at a stage higher than B Cephei, and ali 
the difficulties met with in attempting to classify it on Vogel's 
view of decreasing temperature are removed. 
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Conclusion. 

I am not aware that any more crucial test than the fore- 
going can be applied to the rival echenies of stellar claasifioa- 
tion, aiul BS I hold that the result of its application is entirely 
in favour of the one which assumes the existence of some stellar 
bodies which are increasing their temperature while others are 
reducing it, the Sun's place in Nature must he regarded as near 
that occupied by Arcturus and Capella, and very far separatfld 
from that occupied by u Cygni, y Cygni, and a TaurL 

Kor is this all, the origin of the Sun in a nebula not ex- 
clusively gaseous but only coutaining gases among its consti- 
tuents is greatly strengthened by the extended study of the 
classification problem which has occupied the last few chapters. 

Along all lines, then, the fundamental i-equirementa of the 
Mcteoritic Hypothesis have been strengthened by the later 
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